ECOLOGICAL STUDIES OF ARAVAIPA CREEK, CENTRAL ARIZONA, RELATIVE TO 


PAST, PRESENT, AND FUTURE USES 


by 
W. L. Minckley 


Department of Zoology, Arizona State University, Tempe, Arizona 85281 


Final Report 


Contract No. YA-512-CT6-98 


to 
U. S. Department of Interior, Bureau of Land Management 


Districts0fficesoSafford,, Arizona 


ay 4 a 
| leral Centel 


30 June 1981 


LIST OPSTABEES 
LIST OF FIGURES? 


TABLE OF CONTENTS 


e e e e e e ° e Ge O70 6” @:"  e' 5 6 


DESMO AP CENO MC ets ewe errr se ff SS Fs 


7 


the 


El 


1 is 


i pi 


2 


INT ROQUC THON AGS Mere Fat ot 8 ec 


DESURIPI TON GRGINESAREAM I Se 6 tik 


As tTopograpny rand Geology. . § .< « 
Bey sO RIMAGES eee Pee eA at 
Cie BVEQED ACTON Me te ot Ai toe he et has 


US GL CALA LOW Paar Maree AR Pit gts ot dh ty eee 


PHYSICAL ENVIRONMENT OF ARAVAIPA CREEK. 


Ace Urea Channels teers toh ct ot oh 
Ber REECE Ce hUVIUM NS 2 My Pree, Pot a OP 
C. Discharge and Patterns of Flow... 


e ° ° 


De DuSCHaRGetRelaulOnse a8) hh on ht : aren: 
2. Relations of Precipitation and Discharge. Bh it ear elt ae 
D. Waterelemperdturese 2.8) wt 8 wt. 5 Wels) & 
Eee StUnD haTeyerand "PONG: of oh Pek oho” oh ‘ 


CHEMICAL ENVIRONMENT OF ARAVAIPA CREEK. 


A  Microcnemical Studies... 6 ..* « ." « Sie F Pot Aaa Ae 
Pee OE ROGUCTOLYRROMOEK S40 oe at oe ne sic miss aore : 
COmMetNOUSu Waele. one Per divs: ts, b oulesdh ole tists Sih ; 
DIRE SIL USe om aren ee cfe on ects rls eee tell ihre seks nace : 


Ok ela the ares ae oa 
oe) tee ee 


Aen MagOreCatlonsi. 4s)... 
b. Trace Elements 
Summary and Discussion. 


acrochemistry. 


Introduction and ‘Methodology. 
Dissolved Oxygen. “ame 
COMGUCT ANGE Nee als i ices <0. states 


Hydrogen Ion Concentration (pH). . 


MACRONUGEVONLS sts. 6 eae) -s Seah aa 


BIOLOGICALSINVESTIGATIONS . .. 


AapmeAGACranauAlGalertaments. |.) «0:4, 
MVE IOOUC CMON s es Saisl sis ie! es, eu eyes 


Nips 
ce 


MermOUU TOON se sks ss. 5). ek cies 


ome 4 6 261 Le Pe 


Page 


vil 


a 


m CW 


1s, 
ef 


ra 
eid 
34 
36 
40 
46 
sf 


28) 


56 
56 
ay! 
62 
62 
15 
89 
95 
95 
96 
99 
102 
105 


112 
112 


pls 
ips 


Na 


VET 


VILL 


BIOLOGICAL INVESTIGATIONS (Cont'd) 


Soe ROSUTUS: 6) 4 


4, Discussion 
BeUeer i Lat EMaotelrl dS vite. oeusaie .s! “us 
1. Introduction and Methodology 


2. Results 


eee OTS CUSS lca cs > 


C. Benthic Invertebrates . 
1. Introduction 


oe MECNCOLOOY «3.1.5 


3. Results 


a. Benthic Organisms. . 


b. Drifting Invertebrates 


AUT SCUSS 1 ON suet 2 
D. Native Fishes 


1 Introduction. e e es oO e e e e e Ss Oo) 6), Oi #08) @ e e es e e e 
SLR DUC Ona) and 1axOnOmic NOLES. 8.6 5 /< «. 4s e «ses 


2 

3. Relative Abundance. . 

ee otandinc CrODS.; «. . s 
a. Methodology. . 


Debs ROSUIL Se sims. is 


5. Foods and Feeding. . 

6. Movements and Movement Patterns 

7. Reproductive Notes. . 

gee rePlodicitva... 

b. Habitat Selection 

c. Spawning Behavior 
Eeeeinceroduced Fishes..." 


SUMMARKN (tecces) 


LITERATURE CITED 


e e e e e 


° e e e Se OOF 10> 8 6 @ e e e e e e 


Page 


116 
ee 
124 
124 
te 
| vate) 
131 
bod 
Lol 
139 
24 
146 
153 
162 
162 
162 
166 
172 
dele 
172 
182 
186 
186 
187 
187 
192 
193 


194 


203 


IST Cr TABLES 


Table Page 


II - 1. Summary of climatic conditions in the Aravaipa Creek area, 
Arizona e e e e e e e e ° e e e e e e e e e ° e e eo e e es ° e e 10 


IV - 1. Statistics for physical features of 100-m stream segments in 
Areva WawChCekKy (APAZONa 4 a Ae ee 88 ye 8 6 ee es eee 30 


IV - 2. Water temperatures above, within, and below heed caning 
Arizona e e ° e e e e e e e e ° e e e e e e e e e e e e e e BI 


VY - 1. Mainstream sampling sites for microchemistry, Aravaipa Creek, 
Ari Zona e e e e e e e e e e e e e e e e e e ° e e e e e e e e e 58 


VY - 2. Tributary sampling sites for microchemistry, Aravaipa Creek, 
BeZONS me meCw ee Seite se eres tier site S00) SH PAs @) 6) Sohne Tete ve, 8 59 


V  - 3. Dissolved chemical characteristics of Aravaipa Creek, Arizona . 63 
V - 4, Total chemical characteristics of Aravaipa Creek, Arizona... 64 
Veut-aoeechemistry of aurckey Creek, ArTZONna. 69.0. 6 see 4 8 6 6 8s 65 
Veo=36. “Chemistry of Horse Camp Canyon, Arizona . . 2 »' 2 « «6 6 6 se « 66 
Vi e9/.) chemistry so fav iraqusr Canyon, VArIZONa 2 6. + 6 we ie ee ee 8 67 
VV - 8. Chemistry of an unnamed tributary to Aravaipa Creek, Arizona . 68 
Vy - 9. Chemistry of several tributaries to HN CRL Creek, Arizona, 


basedyonisingletsamples ©.°%)) ge. G2. wa. Lec tints tt Seach... 69 
Vv -10. Surface water criteria for public water supplies. . .. . «» « 70 


V  -ll. Frequency distribution of pH values from Aravaipa Creek, 
Ari zona e e e e e ° e e e e e e ° e e e e e e e e e e e e e e e 108 


VY -12. Mean concentrations of macronutrients in Aravaipa Creek, 
Drazonee Aree Pee Gls 6 6 eee ew eh 64 i Be we eww 6108 


V -13. Summary of macronutrient concentrations after various periods 
Bfatdobd armavaimaneneek, Arizona. wish 4s 6 6 aw ee we w 6109 


V -14. Up- to downstream changes in macronutrients in Aravaipa and 
TeV eCGCCESMEECIZONAS 6 bs. 4 sl sdeyel® Sow ee eee ei ow | Uld 


VI - 1. Algal genera identified from Aravaipa Creek, Arizona. ..... 113 


Table 


VI 


VI 


VI 


VI 


VI 


VI 


VI 


VI 


VI 


VI 


VI 


VI 


VI 


VI 


VI 


VI 


VI 


-10. 


-1l. 


-12. 


-13. 


-14, 


-15. 


-16. 


-17. 


-18. 


Page 
Standing crops of encrusting periphyton in Aravaipa Creek, 
Arizona, 1976-78, ° e ° ° e ° ° ° ° ° e ° ° ° ° ° ° e e ° ° ° ° Lali 
Standing crops of filamentous algae in Aravaipa Creek, Arizona. 118 


Stand crops of finely-divided detritus in Aravaipa Creek, 
INGOIVAGIREY a ony |B 2k aus RPh A ee CIA te ak a ery er er mn 4 


Invertebrate taxa from the Aravaipa Creek basin, Arizona ... 133 


Comparative information on benthic invertebrates in streams of 
Ari zona e e e e e e e ° e e e e e e ° e s e e e e ° e e e e e e 140 


Average densities of important benthic animals in Aravaipa 
GTOCKPCAGIEZONG sa culabeits: «06. ects SE cd oe fomec rectal s\ueryer, 2? 40 


Numbers and biomass of invertebrates and other items in drift, 
APAVARD ACLOCK MEARIZONG Gs Saree el <i met este ei ret oe ek of eh avs Me? «2150 


Average densities of benthic invertebrates in Turkey Creek, 
Arizona . e e ° e e e ° e e e e e e e e e e e e e e es e e e e e 156 


Relative abundance of fishes in Aravaipa Creek, Arizona... . 168 


Relative numerical abundance (log, + 1) of fishes above, 
within, and below Aravaipa Canyon’. .....- ae need 7 
Frequency of occurrence of fishes above, within, and below 

De ayant aac al) Ole awe ene eg 5 2s oils 6 ine Heit) ec avlal cet sie eos chs So 


Percentage abundance of fish species, in collections in which 
they occurred, above, within, and below Aravaipa Canyon.... 174 


Percentage of total numbers and weights of fishes taken in 
consecutive passes of electrofishing apparatus, Aravaipa Creek, 
hal 7 OL Ome me can Mi omen RECS, UC p ne 8 ot eC On ete) oy ce,'s > Wi gelteie wise sete > ob LO 


Numbers and relative abundance in percent of fishes/m-, 
Dav ad Calc eekMmAlcOMan ce a, ls creme kee a siies Wot psi sme ee fea L7/ 


Weights and relative abundance in percent of fishes/m-. 
ReAV ad Camere Greet ONd wm, ie Tekied se cMROMpMGt oe “ose se i-e) ec cee ws 179 


Standing crops of fishes above, within, and below Aravaipa 
Canine Olam t ot ip ina: Me cee, ONIN |e fie Sel wcuencet « cnt oe LOL 


Standing crops of fishes in desert and non-desert streams ... 183 


— 


‘o 




























“an ae 


= ria : 
i, a ah 






i on 2 
° =e. pS ve : ‘eo 
Sa Pi ogee, bed - 4 aa i of 7 
ity "6 SA eas Ay Oe 


* ian satan at teat et 


~ 
I ow OF eee para ak i 
>. 


, fess? eqrevewt ©? suttsteb Se u 


vee gis Ad 
a3/ . é * 7 ° . - ’ . > . * - * *& * 3 . Lis . bat , woe, Dr 
J : iQ PNT 7 4 
sey) 64 yw epost un tesd. dead eqheverk ell mont ot orwids oun 8 a) Te, 
’ . a an — 
= 
Yo etesage at 2edetdettevet vedere fo nots sinadn?. nyseneg Bae ¥ 
[DD | . ‘ « 4 vte ° * , + * 4 . « e , . » . 7? . . ™ « * 7 7 + 


f ” id 


eqtevetA af 2laning SPehsase INST Ix anat vo et lit pete 
GOL is wee io 6 ee le we ee. a eee ee ROxIaK .3 


3° ith of amet? Jette Dns satotcerisval Fo restoid Mis rae 
. * . “ . eve # & © 2S GOST ‘ , dey satvENA a 

. sed yetouT of aatertetrsent Sinigned Yo ast be har: sinonk ae | 
. “ a * « . . ” « * e * + . . . - e * e é e Ay SACRE ¥ 
Sf. w+ + BNOETWA ,oe012 SQIBVBIA FT eet n. Sonebi he “si oh ey 


evoug ecte)} bar @ ay > g3ny bpaucds got omtien aie 


AA 
a 
mi ‘ oe m2. ‘oe 7 os a eo” re gn a | 80769") r wo Pere RG afer 


am s ae 


£.. 
ot jxeifos ni. esi rege teh, 30 Soran. eons i 
‘ SOyMe) SAI SVEN wOled Dns ntattw . avode Bad tists nf es, 


wolad dae ,SidGiw cavods 2eet? Ye SoNenaeaoR WD sarsiont 
e . - * e . - - + * . . « ° * « * « ‘ .. + HERD auf ys a 


6? 2nctt? to etdotew tat eredmae texas *0.2 


Gia? & autres Ont Aer aasonel 6: 96 zazeey 4% 
- s @ i> oe @& »@ ) ae lh |e eres my re ie see pi ’ Ge 


: J 
> 
Te? 


w\eetit? to Jenene every ay tet en tn 4 


ie ae ea et WAOSITK fee! 
, ~ , fos / 


“a perlat? te tertsq t-sdneniaies: iti 
ed 


ae » 6 © & ere eee @ 6 Grass, 3 eee * Br 
ectovewkWeTed tre: nee | oats eae ei 


ret © = & ® @eaA 7 sh -/ « + ® a,” + eee 


@ 
re 


Ce! « dita ryvesi~ m bas ides Mae 





vy 





) 


Table 
VE t= 19, 
WT e200. 


Page 
Patterns of reproductive development and activity in fishes 
Grrr avatoar Cheek, sAGtZ0N0 celeste 54) sere cee eee Fe 188 
Habitats used by fishes for deposition of eggs in Aravaipa 
é PEPER 5, S23 191 


CROGK AA ONG cede ues gees 8 8 ee eS ; 


vi 


* 


_ 6 


sae nb: “8008 oe 


*e ” oe Kirutiy 
ciated nt gope to one 


‘ . ae tees) ae ity 








IV 


IV 


IV 


IV 


IV 


-10. 


-ll. 


EIST ORPLGURES 


Sketch map of the Aravaipa Creek res Arizona, showing 
features mentioned in text...... ron. 4 ar 


Average monthly temperatures and precipitation in the 


Praviad payereekt areas Ari ZONAGHECALLPSS 1% SPV Ga. ceee. . 


Lithograph from Bell (1859) of Aravaipa Creek Valley. . 
Lithograph from Bell (1859) of Aravaipa Creek. .... 
Lithograph from Bell (1859) of Aravaipa Creek. ..... 


Relations of channel gradient to geologic and geographic 
features; oAnavaipaiCreekseArizonasona. Shew.ne, San0.188.. . 


Alluvial fan resulting from flash flooding in Brandenburg 
Washer Aravaapa CreekstArizona.iz travelna cers. srimons. . 


Frequency distribution of particles < 25.4 mm diameter in 
bottom sediments of Aravaipa Creek, Arizona. ...... 


Frequency distribution of particles < 25.4 mm diameter in 
vertical cores adjacent to runs of Aravaipa Creek, Arizona 


Frequency distribution of particles < 25.4 mm diameter in 
surficial sediments of runs of Aravaipa Creek, Arizona . 


Means and ranges in monthly discharge for 21 years of 


recond,ssAravaipacGneeks (Anizonaieayeied- Creek. APs ROMs 6 6 


Frequency distribution of mean daily discharges in summer 
aide Winter, wAreval Dar Greek nAMTZONG ecw 6%. + bs) <e 


Instantaneous discharge estimations, up- to downstream, 
Anavaipa Creeks Artzonasc. s ote es r 


Relations of various levels of discharge and percentage of 
flow at each level, Aravaipa Creek, Arizona. 


Relations of precipitation and discharge, Aravaipa Creek, 
Ari zona. e e e e ° e ° e e e e e e e e e ° e e e e e e e 


Relations of rainfall events and resulting discharges, 


Ready aI DABReCOK Ee AU ZONGel «i's. etebktitsaMens fe. ess 0) ete) shee be 


vii 


Page 


18 
18 


19 


28 


os 


se 


20 


30 


cy) 


39 


4] 


42 


43 


ad 


Figure Page 


IV -12. Ranges and means of water temperatures in Aravaipa Creek, 
Arizona. e e e e e e e e e e e e e e e e e e e e e e e e e e 47 


IV -13. Means, ranges, and one standard error either side of the 
mean for daily variation and rates of change in water 
temperature in aravaipa Creek, Arizona... .! ...°. 2.5 5... 48 


IV -14. Diurnal variation in water temperatures in Aravaipa Creek, 
Ari ZOnd. e e e e e e e e e e e e e ° e ° e e e e e e e . J e e 50 


IV -15. Relationship between turbidity as J.T.U. and gravimetric 
measurement of suspended solids, Aravaipa Creek, Arizona. . oS 


IV -16. Relationship between discharge and gravimetric measurement 
of suspended solids, Aravaipa Creek, Arizona... . ++ «+ 53 


V - 1. Sketch map of Aravaipa Creek, Arizona, showing sampling 

stations in the mainstream and in various tributaries. ... 60 
V - 2. Dissolved mene concentrations in Aravaipa Creek, Arizona. . rp 
V =eocaOtal came concentrations in Aravaipa Creek, Arizona... . PL 
V - 4, Dissolved Na’ concentrations in Aravaipa Creek, Arizona. . is 
V =<). wJotal Ma’ concentrations in Aravaipa Creek, Arizona .... 73 
V - 6. Dissolved Na” concentrations in Aravaipa Creek, Arizona... 74 
V =ris) AOQLAV Na” concentrations in Aravaipa Creek, Arizona. ... . 74 
V - 8. Dissolved kK" concentrations in Aravaipa Creek, Arizona... 76 
V - 9. Total a concentrations in Aravaipa Creek, Arizona .... . 76 
V -10. Dissolved one concentrations in Aravaipa Creek, Arizona. . 78 
V -ll. Total eye concentrations in Aravaipa Creek, Arizona... . 78 
V -12. Dissolved Mn” concentrations in Aravaipa Creek, Arizona. . 79 
V =13,. Lota Mn’ concentrations in Aravaipa Creek, Arizona... . 79 
V -14. Dissolved conn concentrations in Aravaipa Creek, Arizona. . 81 
V -15. Total Cu” concentrations in Aravaipa Creek, Arizona. ... 81 
V -16. Dissolved cate concentrations in Aravaipa Creek, Arizona... 82 


vill 


Figure 


VI 


VI 


V1 


VI 


VI 


AVE 
oe: 
-19. 
-20. 
soir 
Bez. 
Epa 
a2te 
-25, 


-26. 


-2/. 


-28. 


-29, 


-30. 


as 4 A ? r 
Total Zn concentrations in Aravaipa Creek, Arizona . 
++ : 
Dissolved Pb concentrations in Aravaipa Creek, Arizona. . 
++ ‘ : 
Total Pb concentrations in Aravaipa Creek, Arizona... . 
} +++ : : 
Dissolved Cr concentrations in Aravaipa Creek, Arizona. . 
+++ ‘ : : 
Total.Cr concentrations in Aravaipa Creek, Arizona. . 
P ++ 3 : : ‘ 
Dissolved Cd concentrations in Aravaipa Creek, Arizona. . 
a F : : F 
Total Cd concentrations in Aravaipa Creek, Arizona... 
; ++ ; } 4 : 
Dissolved Hg concentrations in Aravaipa Creek, Arizona. . 


Percentage distribution of major cations in waters of 
Aravaipa Creek and its tributaries, Arizona. .....-. 


Dissolved oxygen concentrations on various sampling dates at 
up- and downstream stations on Aravaipa Creek, Arizona... 


Selected chemical conditions before, during, and after a 
flash flood in Aravaipa Creek, Arizona . . ....+-+-+e-e 


Means, ranges, and one standard error for conductance in 
BRAVA OdMOrOCK ALT ZONd sisarees elise) +s sute) «6 ope 4 01 #6 


Relationship of conductance to stream discharge in Aravaipa 
(RBG Kh (1.2 ONG Mek pmeegtsr rel cies lis hss lee Per 8 sie) eed ob ee Cems 


Relationships of concentrations of P0,-P and NO.-N at upper 
and lower stations on Aravaipa Creek, Arizona. > .....-s 


Mean daily discharge of Aravaipa Creek, Arizona. ...... 


Standing crops of epilithic periphyton and filamentous algae 
+ epiphytes in Aravaipa Creek, Arizona . Re pieds 6 reais 


Standing crops of finely-divided detritus in and on bottom 
sediments of Aravaipa Creek, Arizona... . 


Summary of mean numbers and biomass of benthic invertebrates 


in Aravaipa Creek, Arizona . . «6 « «© « «© «© o© @ © 


Numbers of invertebrates in samples from various stations in 
Aravaipa Creek, Ari zOnd. e e e . e e e e e e e ° e e e e e e 


Page 
82 
83 
83 
86 
86 
87 
87 
88 


90 
97 
98 

100 

101 


107 


120 
yal 
128 
141 


142 

























re ie, 
ape - i ip 


<?_-& 2 f. Fr 
7 ‘ << Lo lL, 44 i - ; i | is] 
SB he ats sods Fk " ax? eatoverh al re is 
ts s « SHOR PHA P joe? aqt > aah ni pare 


es : 

* ae 
3 » «+ » BHOSIOA , sees) SATSVBTA OF worsen © 
a8 : ingras een) sf tvssA at ans 3eqgacones.. Mee ei ‘e ba 


ca aes Te 
+ -6NOXTOA , 20909 sormverA nT eno? ius sag Ter ror i = 


el 


ee ' he 
. prosivA ,deea) salsvesA pf enolaés deeoned "bo. bawloer a arth L 
' : 7 = fT) Ty 
; . BAGSTOA 1) sqtevarA Af anotiaainesnos n3 fagot Bhs ay “¥ 
' i) c 
: ; 2 ad We , “7 a te : 
STA, 7881 SO ove wr AT Shore Snes e bavi ronan ro Vv 
aa Nar 
Yo Zz 7: } A: in F Orgs. 2 * RP) 70 ng *fudt . é fp @vUh img2ngt a . 
a ae S705 ,25riaTeera? all BAe weetd agtavgee ‘, 


age 


i 


ab 6 gué2 2uolrosyv Ao enatsatsie2 ia ar bev Foun 
vA tees) saleverh he 2nofser ntemwob fing “0 


14376 bat ,ens iw ,atoted andlsihads., lente be-intes ay 
. BaOrtoA , 96055 soruverwA A mae'r Sant? aie 
a ae) oi, ry 
seatouonas +¥ “6 hisbnsse sto ANS ropiie’ ee. | ue 
: Y a » = «SNORT aban’ stecn “?s =| 
; oo) a 
jaf eVStA 16) DF t2 oF sonatauones YO giteabttelan sol 


*-* ‘ + +, Sie 4d ‘ie * 6 MnAs PsA; ied a 7 ie nN : 1 
oe. 


Qqv Js W+.04 one ‘08 rootterinasnos PO -ondenet anak: ae W 
. * «2 2 » OO v, rie S01 bv A ms ar ne tyes? vow! sani ri 


; , bho toon soleveds Fo 6 aing fh ts a 


aT weGii? bes ~ enuf yag 5 rad (ites. 2O9 


L @ 
wi. 92 ee gateven’ a 











mosJe¢ ao. & "f tutictet. Seprvth- ; font? *% 2g079, ‘Patooud 
. 4 sw @ SORTA. , deed 6g! gvexh 6 athena 


eera tdetievith, af ened Wo. SeemOrd be erudmun cag 10 né 
it : Py ‘ - a . . « - * . . « * ‘ . , Pace tice a ae a “a? 


ia : ; e4 Abe 
nt geet 2622 BMOFREY mort 26! ‘yng fF, ba kiss ame J 
cer aie cas | 


a 





Figure 


VI 


VI 


VI 


VI 


VI 


VI 


VI 


-10. 


-11. 


-12. 


Weights of invertebrates in samples from various stations in 
Araveanpamareek), SAmizonad. PEOths Je ee ees 


Number of taxa of invertebrates in samples from Aravaipa 
COCO ECT ZO aie et Mette Gis tess ep te Me ce te ee te ee 


Relationships of biomass and numbers of taxa in samples of 
benthic invertebrates relative to floods in Aravaipa Creek, 
AIpek Ceres cals Mi cure Mey odes 0 tine We Gene See? eu) oh 30% yee oe a 


Relationships of numbers of individuals in samples of 
benthic invertebrates relative to floods in Aravaipa Creek, 
AGAZON atte Sets Mee uments) eh ets ele ett ws eo Me 8 ole tie 


Abundance of selected aquatic invertebrates in Aravaipa 
Creek, Arizona e e e e e e e e e e e e e e e e e e e e e e e 


Weights and numbers of invertebrates in drift compared with 
Stand nGagcrop. and) piomassain Dentnos:... 6 47.0. 3 sleet e + « 


Relative abundance of native fishes in Aravaipa Creek, 
Arizona. e e es e e e e e e e e e e e e e e e e e e e e ° e e 


Page 


143 


144 


147 


148 


158 


161 


169 
















ERT 4 a a . eee . Saal yi Sya 7 


bat By tA mort zai qnsz it: easel 

at re elite ee aM a 

to tal fgmae af exod 4 aredmun BAB. sanmotd 0 focal hot te fe 
sane aateven nt 2boolt of svitetsa rater ie ge 

pre yi" © Ane Wt 

. e ‘ . * “ a e * . . ‘ . . * 7 * ae [. 1 
te golamee nt staunbyioat bis) prernes % rgitanotsy 

,Agot) oqtsvesd at 2bgelt of ovldelen 2agenterienne: tae 
Saf aye We “Te neal «SEAS kt ee oe 


mi 
= i 


sglaveiA at eetssderevn! 2ttsups hadnt 8 
. + 6 #2 * ce eg a ae Se 


paTag@m. F2f%> At zeterdemrevel to grednons bine 3 ei tie ae : 
rer. . ve pee . rtd ty ‘oildnad ne casmotd bne g¢%2 G 


so aa evi at zortet® ovtion _ \ rr wii 


— 





ox | ve 


Appendix A. 


Appendix B. 


Appendix C. 


Appendix D. 


Appendix E. 


Appendix F. 


LIST OF APPENDICES 


Catalogue of vascular plants occurring in the 
Aravaipa Canyon Primitive Area. . . «6 «© «+ + © » 


Historical photographs of the Aravaipa Creek area 


Mines and mine workings of the upper Aravaipa 
Creek area. e e e e e e e e e s e e e e e e e e 


Raw data for temperatures of upper and lower 
Aravaipa Creek, 19/6-/9 .°. + + « .'6 6 4 + + 2 


Feeding interrelationships of fishes of Aravaipa 
Creek, Arizona. e e e ° e e e e e e e e e e e e ° 


Movements of fishes in Aravaipa Creek, Arizona. . 


xi 


Page 


ZA Ms) 


229 


236 


244 


247 
313 


“ ‘per ae se = © 8 caenk ovt 









b 
#o75 #907) balevetA ait | to 













is 
aaron cetera 


eyisvers ioogk add Fe piri tow eirih: rors eae! 4 i nt OF 
. . . ‘ . . 4 . . Ny . . . ” * * : = #* weve Agent y s ic . 
, - ' ] 


avai bags teqaqu te wrote ans 107 exh wah, S * aes Ni 
pw 0 ele eon + OORT hence aqrevesk (ea aS 
feat e =f 7 ye 
ieve1A Yo xef2it Yo ealdenst belariasel ont test wuice GA ae 
6 eels « ‘a y @ 4 ‘we s.« « «® most ba che aw, a hi zy ba: i a 
. ae a 

fu ; Aa Th 
av\ Al sedat? Yo isa. me tb net, oh 








I, INTRODUCTION 


The Sonoran Desert had only a few permanent streams when first colonized 
by western Europeans, and according to early reports (see Carmony 1978), many 
of these were even then seasonally intermittent. Yet, the amount and relia- 
bility of surface waters were certainly greater in the past than at present, 
as documented by records of aquatic animals such as beaver (Davis 1973) and 
fishes (Minckley 1973a), and by the distribution of settlements of native 
peoples (Haury 1973a). 

"Arroyo cutting" in the late 1800s (Bryan 1925, Hastings 1959) initiated 
major changes in aquatic systems of the American Southwest. This phenomenon, 
poorly understood and variously attributed to climatic change, overgrazing by 
livestock, a combination of those factors, or other causes (Hastings and 
Turner 1965), resulted in incision of watercourses and massive degradation of 
floodplains. Marshy areas paralleling streams and rivers, extensive "Cienega" 
habitats that resulted from aggradation-inducing events such as damming by 
beaver, ponding behind natural levees, and so on, were lost or greatly reduced 
in extent. Buffering effects against drought by high water tables adjacent to 
flowing channels were thus eliminated, and intermittency became more frequent 
and severe. 

Man's direct modifications commenced in ernest about the turn of the 
present century. Early agricultural peoples had practiced extensive and 
successful irrigation (Haury 1936, 1976). Bartlett (1854) reported the entire 
Gila River as being locally diverted to agricultural lands by Indians. How- 
ever, their dams leaked, and more importantly were over-ridden and breached by 
each spate, so that integrity of downstream riverine environments was assured. 
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Beheading the desert segment of the first large southwestern river system was 
accomplished in 1913 with closure of Roosevelt Dam on the Salt River, central 
Arizona. Several other major dams followed, so that lowland parts of major 
streams in the region now function only as delivery systems, or are maintained 
by wastewater discharge (Brown et al. 1978). 

Pumpage of substantial amounts of groundwater started a bit later than 
dams. That practice accelerated de-watering of stream channels and extended 
to ever smaller watersheds as technology increased and demands rose with 
expanding populations. Pumpage now exceeds rates of recharge by many tens of 
meters in some drainages, precluding surface flow in most desert channels 
except during flood. 

In places where surface waters remain, introductions of non-native plants 
and animals present additional ecological problems. Saltcedar (principally 
Tamerix chinensis) has spread to infest riparian zones of essentially all 
desert waterways, whether permanent or ephemeral (Robinson 1965, Horton 1977), 
and many native riparian plants have ceased to successfully reproduce (Turner 
1974). Few indigenous fishes persist in reservoirs (Minckley 1973a), and 
those which do regularly fail to reproduce and ultimately disappear. Direct 
predation by young and adults of introduced kinds seems the mechanism for 
extirpation of native fishes, both in artificial reservoirs and in natural 
systems (Minckley et al. 1977, Minckley 1979a). 

The subject of the present report, Aravaipa Creek, Graham and Pinal 
counties, Arizona, has not been immune to change. In reaches not protected by 
bedrock, incision of the channel is apparent. Ciénegas no longer exist as 
parts of the system. It has long been used for irrigation within the rela- 


tively narrow valley, and diversion dams of mounded sand and gravel similar to 
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those constructed in the past by Indians are periodically built, resulting in 
desiccation of short reaches of stream. Introduced fishes, although present, 
remain rare, saltcedar has yet to make a substantial invasion, and much of the 
native biota to be expected in such an area is intact. I commenced studies of 
the stream in 1964, along with numerous graduate students and colleagues, and 
here report qualitative and quantitative results for 1964 through 1978, with 
emphasis on the last three years of that period. Sections of this report not 
specifically written by me are so indicated in text, but I exercised editorial 
perogative and any errors, omissions, or misinterpretations are my responsi- 


DIRE CY's 


II. DESCRIPTION OF THE AREA 


A. Topography and Geology 


The Aravaipa Creek watershed begins at a low divide in the northwest end 
of the Sulphur Springs Valley. The channel? follows local geologic structure 
to trend northwest, north of the Galiuro Mountains and south of the Pinaleno 
and Turnbull-Santa Teresa ranges, then turns west to deeply dissect the 
northern flanks of the Galiuros and enter the San Pedro River south of the 


town of Winkleman (Fig. II-1). The watershed comprises about 1,400 km? 


(ca. 
541 square miles). 

Although the channel of Aravaipa Creek begins at about 1,400 m above mean 
sea level, perennial flow now originates from unconsolidated sediments of the 


stream bed between 1,010 and 1,080 m (depending upon the year) 6.4 to 5.5 km 


Las used here, "channel" refers to the portion of the system scoured of 
perennial vegetation by flooding, while "floodplain" includes alluvium along 
the stream that in the case of Aravaipa Creek is bounded by stony terraces or 
cliffs (definitions modified from Burkham 1972). 
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Figure II-]. Sketch map of the Aravaipa Creek basin, Graham and Pinal 
counties, Arizona, showing some features mentioned in text. 
Symbols: 1 = Four-mile Creek; 2 = Turkey Creek; 3 = 
Parson's Canyon; 4 = Virgus Canyon; 5 Holy Joe Canyon; 
6 = J. White Ranch; 7 = Wood's Ranch; = Hell's Half- 
acre Canyon; 9 = Horsecamp Canyon; 10 Paisano Canyon; 
and 11 = Hellhole Canyon. 
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northwest of the town of Klondyke. Elevation at the confluence of the creek 
and the San Pedro River is 652 m. Relief is spectacular, with pinnacles of 
stone, rugged cliffs, and narrow canyons al] being common at higher eleva- 
tions, merging downslope with comparatively level terraces (Ross 1925, Simons 
1964). The Pinaleno Mountains rise to almost 3,350 m in elevation, the 
Galiuros to 2,300 m, and the Turnbull-Santa Teresa Mountains to 2,300 m. 
Upper Aravaipa Valley is broadly incised into upland plains of surrounding 
highlands to a depth of about 500 m. It averages 10 km wide, with its upper 
slopes smooth, steep, and terraced. Along the channel, floodplains range to 
nearly 2.0 km in width. About 6.0 km northwest of Klondyke the valley con- 
stricts to a narrow canyon, and for about the next 40 km by stream the 
floodplain exceeds 400 m in width in only a few places. From just below the 
inflow of Turkey Creek, downstream to an elevation of ca. 760 m (Wood's Ranch; 
Fig. II-1), widths of more than 100 m are rare. Walls of the gorge and some 
of its tributaries rise vertically for 200 m or more, and the channel occupies 
the entire canyon bottom in places as narrow as 30 to 40 m. Downstream from 
760 m elevation the canyon widens progressively to finally pass across the 
floodplain of the San Pedro River. 

Geology and geologic structure of the Aravaipa Creek area are locally 
confusing, but do not seem overly complex (Simons 1964). Basin and Range 
physiography of the area has three major elements: 1) the Galiuro Mountain 
block, consisting of a thick pile of Tertiary and perhaps Cretaceous volcanics 
and minor amounts of older sedimentary and igneous deposits; 2) Aravaipa 
Valley, underlain by conglomerate and alluvium of Tertiary age and Quaternary 


alluvium; and 3) the Santa Teresa and Turnbull Mountain blocks, made up of 
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Tertiary granites and a mixture of sedimentary, igneous, and metamorphic rocks 
of various ages. | | 
The present arrangement of mountains and valleys was likely established 
prior to deposition of the Hell Hole Conglomerate of Middle or Late Tertiary 
age (Simons 1964), This rock is composed mostly of angular to rounded 
fragments from gravel to boulder size, embedded in a sandy matrix, and was 
apparently deposited through erosion of the Galiuro Mountain block northeast- 
ward into a structural trough now occupied by Aravaipa Valley. Another layer 
was deposited over the Hell Hole Conglomerate in Late Pliocene or Pleistocene 
times (Simons 1964). Termed "Older Alluvium," this deposit originated from 
the Santa Teresa block to the north and east, and is continuous into the 
Sulphur Springs Valley and around the southeast end of the Pinaleno Mountains 
into valleys of the San Simon and the Gila rivers, where it has been generally 
termed the Gila Conglomerate (see review by Clarkson 1979). Terrace and lake 
deposits along upper Aravaipa Creek “presumably are of recent age, but may be 
as old as Pleistocene (Simons 1964)." 

Aravaipa Creek was considered by Melton (1960) to represent part of an 
“old drainage" of Arizona, a system of northeast-southwest trending drainage- 
ways that incised and thus persisted through Basin and Range development, thus 
providing antecedent channels for integration of the present network of water- 
courses. Simons (1964) outlined the development of Aravaipa Creek in a manner 
that generally fits the same scheme, as is quoted below: 

1, Deposition of older alluvium along a north-northwest-trending 
valley or basin. The present site of Aravaipa Valley was 
evidently a broad alluviated area, perhaps not having external 
drainage. The Galiuro Volcanics must have extended farther west 


than at present, possibly covering what is now the valley of the 
San Pedro River. 
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2. Beginning of uplift of the Galiuro Mountains block together with 
the alluviated valley, on a Basin and Range fault along the west 
flank of the range. Uplift at first was greater north and south 
of the present Aravaipa Canyon than at the canyon site, so that 
a broad east-trending synclinal warp was formed, its trough 
approximately along Aravaipa Canyon. If external drainage 
existed previously, downstream slopes of ancestral Aravaipa 
Creek were reversed by the differential uplift; the master 
stream may have been diverted westward toward the synclinal 
trough, or a closed basin may have formed temporarily east of 
the Galiuro Mountains. 


3. Erosion of Aravaipa Canyon initiated either by overflow from a 
closed basin at the low point on its west rim or by the diverted 
ancestral Aravaipa Creek. At this stage the Aravaipa may have 
been flowing at an altitude not greatly different from its 
present altitude but a thousand feet or more higher in the 
stratigraphic section. The major tributaries of the Aravaipa 
probably came into existence at this time as watercourses 
consequent upon land surfaces sloping toward Aravaipa Canyon. 


4. Continued uplift of the Galiuro Mountains. During this uplift, 
Aravaipa Creek was able to maintain its westerly course--in 
other words, it was antecedent to the later period of uplift-- 
and cut its present canyon. The fault-block origin of the 
Galiuro Mountains and the antecedent nature of the present 
course of Aravaipa Creek were suggested long ago by Davis and 
Brooks (1930). The southwest-sloping tributaries of the 
Aravaipa, being, with the exception of Old Deer Creek, rather 
short and having small catchment basins, have not been able to 
keep pace with the downcutting of Aravaipa Creek, and their 
junctions with the master stream are strongly discordant. On 
the other hand, north-sloping tributaries are longer, have 
larger catchment areas, and probably receive more rainfall in 
their high headwaters, and consequently now have accordant 
junctions with the Aravaipa. 


Following this major downcutting, Aravaipa Creek above the gorge widened 
its floodplain and cut steep bluffs in the Older Alluvium and Hell Hole Con- 
glomerate. At present it flows on its own alluvial deposits. At some time 
during cutting of the present Hegel. the stream must have been blocked 
near the present source of perennial water, forming a lake several kilometers 
long in Aravaipa valley. This lake persisted long enough to deposit more than 
30 m of sediments, most of which have now largely been removed by erosion 


(Simons 1964). 
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B. Climate 


Two major weather stations provide relatively long-term records near 
Aravaipa Creek -- the Fort Grant station at 1,486 m elevation near the upper 
end of Aravaipa Valley, and Dudleyville (Winkleman) station at 632 m near the 
mouth of the stream (Green and Sellers 1964). Records for Klondyke, although 
also of relatively long term, have substantial gaps and have yet to be 
officially summarized (U.S. Weather Bureau, published periodically). As for 
most of southeastern Arizona (Lowe 1964), climate of the area is mild, and a 
pattern of spring drought, summer monsoons, then more regular winter rainfall 
is strongly developed (Fig. II-2, Table II-1). 

At Fort Grant, almost 50% of the mean annual precipitation of 31.92 cm 
falls in the period from July through September, resulting from an influx of 
warm, moist air from the southeast. Instability of air masses along the 
Pinaleno Mountains results in moderate to violent thunderstorms, typically in 
afternoon and early evening. More than 8.0 cm of rainfall has been recorded 
from one of these storms. Winter precipitation, only a small fraction of 
which occurs as snow, results from Pacific airmasses entering the area from 
the west. High mountains such as the Galiuro block intercept some of this 
moisture, and winter rainfall is therefore less than might be expected at 
almost 1,600 m. Temperatures at Fort Grant rarely drop below freezing for 
more than a few hours at night in winter, and summer temperatures rarely 
exceed chee C. Winter and Summer extremes are ameliorated by position of the 
station above the floor of the valley, and are undoubtedly greater a few 
meters downslope (Green and Sellers 1964). 


Dudleyville has an average annual precipitation of 37.44 cm, 5.5 cm 


greater than that at Fort Grant despite its lower elevation and more western 
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Average monthly temperatures and Precipitation at two stations 
in or near the Aravaipa Creek watershed. Dotted lines connect 
data for the Dudleyville (Winkleman) station, Pinal County, 


Arizona, and solid lines are for Fort Grant Station, Graham 
County. 
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Table II-1. Summary of climatic conditions at Dudleyville (Winkleman), Pinal 
County, and Ft. Grant, Graham County, Arizona (Green and Sellers 1964). 


a ee ee ge ly ee 
Dudleyville Station 


Mean Number of Days 
Months Precipitation Temperature Maximum Minimum 


cm C $300 <0°C 


J 3.81 8.9 0 17 
F 3.18 12.8 0 10 
M 2057 iGo 3 5 
A 1.47 16.8 3 1 
M 0.91 20.7 13 0 
J 0.71 25.9 27 0 
J 6.22 28.2 26 0 
A 6e7 1 rae 24 0 
S 3.20 24,3 19 0 
0 2.16 18.5 6 0 
N 2.57 12.8 0 6 
D 3.94 8.7 0 18 


Ft. Grant Station 


J 2.18 Tat 0 b2 
F Var 9.4 0 10 
M 2.18 11.8 0 A 
A ey) 15.4 1 1 
M 0.66 19.8 5 0 
J 1.04 200. 21 0 
J Dect 26.1 23 0 
A 6.35 25.3 20 0 
= 3.58 2330 12 0 
0 1.9! 17.8 2 0 
N 2.24 ty ceadl 0 4 
D 2.51 8.2 0 14 
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position. This results from substantially greater winter precipitation from 
east-moving Pacific storms that contact the Galiuro - Turnbull mountains and 
release their moisture downslope. Temperatures trend higher at the Dudley- 
ville station in summer, often exceeding 43° C, and freezing temperatures are 


common in early morning hours in winter (Table II-1). 


C. Vegetation 


by William G. Kepner 


Aravaipa Creek is within the Sonoran Desert, which includes much of 
southern Arizona. Source of the stream is within the Upper Sonoran Life-zone, 
which ranges from about 1,100 m in elevation to as high as 2,100 m, and in- 
cludes grassland, chaparral, and open woodland communities (Lowe 1964). The 
flora is diversified in physiogamy and rich in species (See Appendix A). 

The environs of upper Aravaipa Creek are best characterized as desert- 
grassland. This is a highly diversified community where grasses are 
co-mingled with various shrubs such as yuccas (Yucca spp.), sotol (Dasylirion 
wheeleri), jojoba (Simmondsia chinensis), and beargrass (Nolina microcarpa), 
and where juniper (Juniperus monosperma) is scattered on north-facing slopes. 
This community most generally occurs on shallow-soiled, gravelly to rocky 
hills and slopes. It often represents a grass-dominated transition between 
either open woodland or chaparral above and desert-scrub below. As a 
transitional area, desert-grassland typically receives between 25.4 and 38.1 
cm of annual precipitation and occupies Arizona landscapes from just below 
1,100 m upward to approximately 1,500 m (Lowe and Brown 1973). 

Downstream along the creek, desert-grassland grades into desert-scrub of 


the Lower Sonoran Life-zone. In Arizona, total annual precipitation and 
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elevation within this zone usually range from 7.6 to 25.4 cm and from 30 to 
approximately 1,200 m, respectively, according to slope exposure. 

Lower Sonoran desert vegetation represents approximately 9% of the 
Arizona flora (= 300 species) and is most widely characterized by two 
principal life-forms: 1) open, well-spaced microphyllous shrub vegetation 
that is either predominant or exclusive; and 2) spinose, succulent and/or 
microphyllous, short-tree vegetation, collectively called desert-scrub (Kearny 
etal. 1960). 

The first is most clearly represented by creosote-bush (Larrea divari- 
cata) communities in which trees are usually absent and shrubs and dwarf 
shrubs are dominant and widely scattered. This is a climax community, which 
is characteristically on soils of fine texture and often alkaline, and which 
usually inhabits area of low relief, i.e. the desert floor. 

The second is most often represented by, but not restricted to; 
paloverde-saguaro (Cercidium-Cereus) communities. In this community, plants 
are comprised of small-leaved trees, as well as shrubs and numerous cacti. 
Best development is attained on rocky hills and coarse-soiled slopes, i.e. the 
“bajada," where substratum is on or near parent bedrock. Plant morphology is 
highly diverse, with leafless, drought-deciduous, and evergreen species. 
Community biomass and productivity are greater here than in creosote-bush 
communities on valley-fill substrates of the plains below. Shrubs are more 
varied than trees, and although the foothill understory may be predominantly 
of a single species, e.g. triangle-leaf bursage (Ambrosia deltoidea) or 
brittlebush (Encelia farinosa), it is often comprised of a mixture of 5 to 15 


or more shrub and dwarf-shrub species in the form of a layered understory. 
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Riparian habitats are distinct biotic communities associated with 
perennial or intermittent watercourses. They are unique reservoirs of plant 
and animal diversity that extend from desert-shrub of the Lower Sonoran zone 
to fir forests of the Canadian Life-zone. These habitats consist of different 
life-forms or species than those of the immediately surrounding, non-riparian 
climax (Dick-Peddie and Hubbard 1977). Riparian communities in Arizona have 
been reduced or eliminated by past and present land management practices to 
the point where it is estimated that total riparian area comprises only 
17 13 53 ne within the state, of which 407.53 ae are adjacent to the 
mainstream Gila River (Babcock 1968). 

Following the classification outlined by Brown and Lowe (1974), 
vegetation along the immediate banks of Aravaipa Creek best represents the 
Temperate Riparian Decidous biome, a warm-temperate, winter-deciduous 
woodland. Because riparian communities generally exhibit a predictable 
vertical zonation where composition and form of riparian woodlands changes 
with elevation (Campbell and Green 1968), this biome may be subdivided into 
two major communities -- Mixed Broadleaf and Cottonwood-Willow (Populus- 
Salix). 

Mixed broadleaf communities usually are along rubble-bottomed perennial 
and semi-perennial streams are presently characterized in upper Aravaipa 
Valley by a canopy of cottonwood (Populus fremontii), willow (Salix spp.), 
sycamore (Platanus wrightii), velvet ash (Fraxinus pennsylvanica velutina), 
walnut (Juglans major), and box elder (Acer negundo), with a thick, luxuriant 


understory. Wild grape (Vitis arizonica) often provides additional vegetative 
cover. A continuum condition exists, where broadleaf species occur throughout 


the drainage, but are most prevalent at the upper reaches. 


Although no discrete downstream boundaries exist among species aggre- 
gations, vegetation grades within the narrow Aravaipa Canyon into a community 
dominated by cottonwood and willows (Salix gooddingii and S. bonplandiana). 
The understory may be a dense stand of riparian tree regeneration, or errubes 
to relatively open and park-like areas. Willows, principally Salix good- 
dingii, greatly outnumber cottonwood, and seepwillow (Baccharis salicifolia) 
is the principal shrub of the understory. Watercress (Nasturium officinale) 
and rare cattail (Typha sp.) grow in the creek along with algae. The last 
plants demonstrate marked seasonal trends of abundance and consist mostly of 
encrusting diatoms (Bacillariophyceae) and filamentous Cladophoraceae 


(Cladophora glomerata) (Bruns and Minckley 1980). 


At the lower reaches, floodplains are vegetated by winter-deciduous 
microphylls, e.g. mesquite (Prosopis velutina) and catclaw (Acacia greggii), 
which form a distinct border association separating riparian and desert-scrub 
climax Paranhos This transitional vegetation zone is often classified as 
a distinct community, the Subtropical Deciduous Woodland Biome. Within the 
Sonoran Desert, it is largely restricted to elevations below 1,067 m where 
maximum development is attained on alluvium of old floodplains (Brown and Lowe 
1974). In the past, annual and perennial grasses and herbs formed the ground 
cover within mesquite-dominated bosques, and the understory was relatively 
Open. But today, on the Aravaipa floodplain and elsewhere, introduced annual 
forbs such as heron-bil] (Erodium cicutarium), mustards (London skyrocket, 
Sisymbrium irio), and grasses, especially Bermuda grass (Cynodon dactylon), 
red brome (Bromus rubens), and Mediterranean grass (Schismus barbatus), are 
more frequently encountered. Invasion by saltcedar from the San Pedro River 


floodplain is threatening Aravaipa Creek, and its aggressiveness may soon 


allow it to outcompete native riparian species such as seepwillow and 


burrobush (Hymenoclea monogyra). 


III. HISTORICAL REVIEW 


Historical information on the ecology of Aravaipa Creek and its watershed 
is remarkably scattered and difficult to obtain. Bell (1869) produced an 
excellent account of the upper valley, canyon, and surrounding terrain, and 
implied that the area was well known and often visited in the middle 1800s. 
Yet only a few additional accounts were discovered. Data provided by Hastings 
(1959) and Hastings and Turner (1965), however, allow considerable interpre- 
tation of changes in aspect of aquatic, semi-aquatic, and terrestrial 
environments in southeastern Arizona in the past 100 years, and undoubtedly 
apply to the Aravaipa region. 

First incursions by Caucasians into the area of Aravaipa Creek were 
explorations by Francisco Vasquez de Coronado in the late 1530s and early 
1540s. According to Olmstead (1919), the route used by that force in moving 
northward to the Gila River descended the San Pedro River Valley to Tres 
Alamos Wash, then passed into Sulpher Springs Valley, presumably to traverse 
the broad divide separating the Santa Teresa and Pinaleno mountains. They 
must therefore have passed at least through headwaters of Aravaipa Creek (Fig. 
II-1). In the 1600s and early 1700s, movements north by Jesuit priests and 
mission missionaries into the area of what now is Arizona scarcely extended to 
the Aravaipa area. Recall of the Jesuits to Spain in the mid-1700s, along 
with ever-increasing hostilities between Apaches and Spaniards, forced 
settlers back toward the south or into armed enclaves, and further limited 


settlement of the area (Minckley 1979b). 





The war of independence between what is now Mexico and Spain further 
interrupted orderly immigration in the early 1800s. Settlements were few or 
non-existent, and only trappers traveled through the area. In 1825, Pattie 
(1962) trapped beaver along the Gila River and its tributaries in eastern 
Arizona, and ascended the San Pedro River to cross the Galiuro Mountains to 
the Sulphur Springs Valley. No mention was made of Aravaipa Creek or Canyon 
(Davis 1973), but Pattie described other riparian habitats that must have 
resembled those along that stream (reviewed by Minckley 1979b). 

Early reference to Aravaipa Creek in older literature and reports were 
largely a result of explorations for wagon or railroad routes. Leach (1858) 
recorded stream conditions in southern Arizona in 1858, including observations 
that no surface flow was present at the mouth of Aravaipa Creek, nor in the 
lowermost San Pedro River, conditions that often occur today. Hutton (1859) 
reported that Aravaipa Creek originated in a large marsh about 8.0 km upstream 
from the canyon, and Bell (1869) may well have illustrated that marsh in a 
lithograph (from a photograph). Bell, traveling at night over the divide 
between Sulpher Springs Valley and the uppermost Aravaipa Creek drainage, 
provided the following information: 

At last we came to a sudden depression or groove in the centre of 

the valley; the land had sunk from beneath, and formed a second 

little valley at the bottom of the first. This was the commencement 

of the canada of the Aravaypa. We descended into it, and followed 

along the dry, grass-covered bottom until the sides had assumed the 

magnitude of bluffs. The ground became more fertile; brushwood, and 

even willows, grew in places; and soon a well-defined water-course 

could be made out running along one side of us. 

This area is almost certainly in or near Section 30, Township 9 south, Range 
22 east. Bell and his party then recorded Eureka Spring (near the present 


Eureka Ranch) as “warm and sulphurous, and neither fit for man nor beast." 


They traveled 10 additional miles (16 km) on about 17 November 1867, and: 


»»eencountered a large spring, which bubbled up from the ground in 
the centre of the canada; from it flowed a perennial stream of 
considerable volume, whose life-giving waters filled the valley 
below this point with thick luxurient vegetation. 


---we dashed through the rivulet into the thick grove of cotton- 
woods...what pleasure it was to see once more around me trees and 
flowers, to listen to the song of birds, the rippling of waters, and 
the subdued rustling of the leaves overhead... 


Accuracy of Bell's observations may be assessed by the following resume of his 
observations on the upper valley (Bell 1869: pp. 61-62; see also Figs. III-1 - 
III-3): 


After descending from Railroad Pass to the centre of the trough (six 
and a half miles), and on changing our course towards the north- 
west, we do not continue to descend; but, on the contrary, in the 
first twenty-two miles we rise again some 200 feet. At about this 
point we cross a divide, and commence the real descent towards the 
Rio Gila; or, in other words, we enter the basin of the Aravaypa. 
This fact is soon made manifest by the appearance of the cafada of 
the Aravaypa aS a groove at the bottom of the trough between the 
mountains. From the commencement of this canada to the point where 
its walls approximate so closely as to form the canon proper the 
distance is 25.30 miles, in which interval the total descent is 
1,104 feet. 

As this great fall does not represent the slope of the trough 
between the mountains, but the gradual deepening of the groove in 
its centre (the canada of the Aravaypa), it is easy to understand 
how the cliffs or sides of the canada become higher and higher as we 
descend. Sometimes they approach each other, and form a natural 
gate or narrow passage for the river bed. Sometimes they recede to 
the distance of two or three miles apart. In places they have 
perpendicular walls. Often they become sloping banks, and being 
composed of soft, friable material, mostly drift, they are sometimes 
transformed by erosion into very picturesque objects, resembling 
forts, castles, long lines of earthwork, and the like, which are 
chiefly remarkable for the mathematical regularity of their out- 
lines, thus giving a very peculiar appearance to the whole country, 
since the traveler is never out of sight of these singular forma- 
tions; for no sooner is one passed then another appears at the next 
turning of the gorge. At the back rise the black shining walls and 
the deeply-serrated summits of the volcanic ranges on either side. 
These gradually approach each other until the trough itself becomes 
obliterated, and the walls of the canada in its centre are of 
necessity merged into the mountain sides. At the point where the 
mountains seem to unite, the canon proper begins. 
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Figure III-1. 


Figure III-2, 




















Our First Camping Ground. 
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Lithograph from Bell (1859) of Aravapia Valley. 





The Cereus giganteus, 


Lithograph from Bell (1869) of Aravapia Creek. 
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THE ARAVAYPA CANON, SOUTHERN APIZONA 


Lithograph from Bell (1869) of Aravaipa Creek 
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Bell and his party spent 5 days in Aravaipa Canyon (22-26 November 1867), 
and his observations on physical and biological aspects of the area are 
reproduced below (pp. 62-76, non-inclusive): 


Camp having been pitched at the entrance of the canon, a party was 
formed to make a preliminary examination of it, and to determine 
whether our wagons could be taken through or not...Stuart, our 
quarter-master, and myself started over the Mountains upon two good 
mules, in order to obtain a view of the defile from above, and to 
study the general lie of the country. The scenery was wild and 
utterly desolate beyond the little narrow streak of beautiful vege- 
tation which filled the gorge and the canon leading to it. Not a 
tree was to be seen, nor a single patch of green. The country 
seemed to consist of a succession of mesas, piled up one above the 
other, like terraced mountains, presenting from five to a dozen 
parapets. Volcanic force considerably assisted in producing the 
wild confusion which surrounded us; for many of the summits were 
formed of pointed masses of plutonic rocks which had been forced up 
from below, while considerable areas of surface had been covered 
with a thick coating of lava, the broken edges of which shone out 
smooth and black in the sunlight. The most prominent mass in the 
landscape--called, from its shape, Saddle Mountain--is probably an 
extinct volcano. It stands exactly in front of the trough between 
the mountains which we had left, and seems to be the chief obstruc- 
tion which prevented the Aravaypa River from continuing its direct 
course into the Rio Gila, and obliged it to deviate from north-west 
to south-west; for looking over the dreary landscape in the latter 
direction, the rugged outline of the mesa country seemed to us less 
obstructed by formidable barriers on that side; while at our feet we 
could trace for miles the black cleft in the earth's crust which we 
knew to be the Aravaypa Canon. With a good deal of climbing, we 
managed to enter a side gorge which debouched upon the main canon, 
and by following its windings at last entered the latter about three 
and a half miles from its head, and then followed its course to 
camp, fully persuaded that if the canon itself was impracticable for 
wagons, no way could be found through the country above it. 

Guarding the narrow entrance rises a conic hill, to which we 
gave the name of "“Look-out Mountain," for it commands a very ex- 
tensive view both into the canon and up the canada, in the opposite 
direction; furthermore, it is most probably that when this country 
was inhabited it was used for that purpose, for the stone founda- 
tions of a building which formerly covered the summit are stil] 
distinctly visible. Close under this hill a very large spring 
gushes out of the ground, the waters of which more than double in 
size the Aravaypa stream. Without this large permanent supply of 
running water the cahon could probably never have been formed. 

For the first two miles the walls are perpendicular on one 
Side, and sloping on the other; the former do not exceed 500 feet in 
height; but at the end of that distance a large triangular mass juts 
up from the centre of the ravine, which seemed to us to bar all 
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further progress. The stream, however, had managed to twine around 
it, and by following in its bed we succeeded in doing so too. 

From this point the walls on both sides are perpendicular. 
They are formed for the first few miles of conglomerate alone, which 
is horizontally stratified; in fact, drift-washed down by primeval 
waves from the mountain's side. But as the gradual fall of the 
stream bed, which is on an average 50 feet per mile, brought us 
deeper into the earth, we reached the Sandstones, and gradually 
passed through them to the hard granite beneath. Luxuriant vege- 
tation fills up the space between the walls; the undergrowth 
consists of willows, young trees, bunch grass, reeds, &c., forming 
in many places an impenetrable thicket; and above them a succession 
of noble trees tower up towards the SK\ eed Se ltasttaviNGatO.gain a 
glimpse of the upper world. Under a grove of the loftiest cotton- 
woods and sycamores, at a distance of four miles from the head of 
the canon, we threw down our blankets for Chews iGst eniogntas srest. 
Not far distant, a few deserted Indian wigwams were visible, perched 
upon the top of the cliff, which painfully reminded us of danger. 
The setting sun beautifully illuminated three Norman watch-towers, 
which some freak of nature had carved out upon the precipice that 
rose above our grove of trees. 

The obstacles our surveyors had to contend against naturally 
made our progress very slow, not more than from two and a half to 
three miles per day being cleared; for a path had to be cut through 
the brushwood which choked up the narrow passage, and every tree 
obstructing the vision of the levelers had to be felled. The 
Mexicans whom we had picked up were of great assistance to us. We 
hired six of their animals for pack mules, and several of the men to 
help as axe-men in cutting a path through the thickets... During 
the second day's advance we came to a cave, hollowed out in the 
northern wall, capable of concealing about fifty men,... Apaches 
had carried on agriculture to some extent in the canon, for we 
passed the remains of a few small irrigating canals in places where 
the space between the walls left a sufficient extent of bottom-1and 
for such a purpose. 

As we advanced, the canon became more and more tortuous. Bold 
walls of rock often enclosed us in front and rear, aS well as on 
either side; nor could we tell which way to turn until we had come 
close upon the apparently insurmountable barrier. Higher and higher 
towered the walls. For the first few miles they were flat and 
continuous from base to summit, although portions here and there 
Stood out like hugh needles or lofty spires from the main cliffs; 
but after attaining a certain height, the walls became divided into 
two, the upper portion of which seemed to lean a little back and to 
rise from the lower one, like a cliff springing froma cliff... The 
walls, in fact, became two stories high, and each story measured 
about 400 feet. The strata of the upper story or cliff continued, 
as before, to consist of conglomerate; but grey sandstone appeared 
at the base of the lower one, and gradually extended upwards. Caves 
and grottoes became very numerous, and every mile added to the 
grandeur of the chasm. 
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The stream had to be crossed over and over again--often at 
every hundred yards; and it was curious to see how active the little 
axe-men of nature, the beavers, had been, for many a wetting was 
saved by our men on foot being able to cross over the large trees 
which, having been felled by these little fellows, had fallen 
athwart the stream. Nor were beavers the only inhabitants. Deer 
came down to drink at the brook, but by what paths remained a 
mystery to us; quails and doves were very abundant in places; and 
birds with beautiful plumage--some bright red, others rich blue, and 
a third variety, a black and white kingfisher with a bright red 
crest--especially attracted our notice...a fine flock of turkeys had 
So tempted the foremost of our party, that, forgetful of the alarm 
they would cause, they had seized their rifles and fired at them... 

About seven and a half miles from the entrance, the canon 
becomes so narrow that it appears only as a cleft between the huge 
perpendicular walls which tower above: there is no space whatever 
on either side between the bed of the stream and the rocks, so that 
the only passage is in the river itself. The action of the water, 
moreover, has hollowed out the base of the southern wall-rock for 
from 20 to 30 feet of its thickness, so that we rode under the rock 
itself for some distance. 

The first "narrows," as we called this passage, having been 
passed, we came to an open space of some fifteen acres, giving us a 
good camping ground and plenty of grass for the stock. This space 
is situated about the centre of the canon, and is very beautiful, 
being filled with splendid timber, cotton-wood, sycamore, live oak, 
ash, willow, walnut, and grotesque old mezquites of most unusual 
Size. Fine branches of mistletoe hung from many of the trees... 
Just past this open space a great change takes place. In order, it 
would almost seem, that the traveller should not weary Of cold grey 
Sandstone and conglomerate formations, the sombre tints and hori- 
zontal strata, large quantities of volcanic rock, with their smooth 
facets and their rich tints varying from purple and red to black, 
burst into view, and alter completely the appearance of the walls. 
A deep rich fringe of basaltic columns adorns the terraces on either 
side, and this lavaform coating is bright and shining; the edges are 
as sharp in outline as if cut with a knife, and produce fantastic 
forms in the shape of turrets, &c., quite different in appearance 
from those met with previously. Nor is the change to be seen only 
in the rocks--the vegetation immediately shows the difference of 
soil; and, identical in position with the new strata, appeared for 
the first time on our route the Cereus giganteus, the largest cactus 
with which botanists are acquainted. Here these huge grooved 
columns thrust their thick trunks from between the crags, and rise 
up on all sides far above our heads to heights varying from the 
baby-plant to the forty-feet. They seem to require no earth; and in 
places the walls are covered with them to the very summit. The 
secondary columns shoot out from the central stem, and then turn 
upwards with studied regularity, forming a circle of four or six 
arms around the parent trunk. Besides the "Monumental Cactus," as 
it is sometimes called, large bushes of prickly pear, tufts of 
Spanish bayonet and magay, with other species of prickly plants, 
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also find a genial abode up amongst the crags, producing a contrast 
most singular and striking between the grotesque spinous vegetation 
upon the walls and the graceful foliage in the narrow passage 
beneath. 

A little further, the rocks on either side approach so closely 
as to obliterate for a second time the entire passage, and this time 
the bed of the stream alone remains between the walls for two miles 
and a half of its course. At this part the walls present another 
break in their perpendicular height, and appear to consist of three 
terraces of cliffs piled one above the other, each Capped with 
basaltic columns; thus showing, as it appears to me, the real nature 
of the terraced form. Each cliff or terrace 1S, tn fact#éa Mande 
Slip into the gorge, the lowest terrace representing the part 
earliest detached; for as each terrace is covered with lavaform 
basalt, it is evident that at some time each ledge so covered must 
have formed part of the surface of the ground over which the lava 
had flowed. x 

Between the two "narrows" the canon did not widen much, so that 
the lengthening shadows overtook us very early in the evening, and 
obliged the surveyors to cease from their work; and when the sun had 
left the upper world, and night had really come, the blackness of 
darkness around us was absolutely awful, and the stars, which 
covered the narrow streak of sky above, seemed to change the heavens 
into a zigzag belt, every inch of which was radiant with diamonds. 
Our camps, too, were very picturesque. The mezquite tree, with its 
tortuous stems, grows to an unusual size here, and as the wood makes 
magnificent fuel, we found the foot of one of them to be the best 
place to pass the night. Dotted about amongst the trees the cheer- 
ful blaze of a dozen fires would light up the branches and foliage, 
making the darkness visible, and giving us a glimpse now and then of 
the massive walls which towered up above us... 

Three-fourths of the canon was traversed and Surveyed in four 
days; the remaining fourth, however, presented the most formidable 
obstructions; for large masses of wall-rock had fallen into the 
narrow cleft in so many places, that no sooner had we succeeded in 
getting our mules and horses over one pile of debris than a fresh 
one lay across our path. We gradually entered, however, a more 
broken and open country, and gaps in the walls became propor- 
tionately frequent. Confusion seemed here to reign Supreme; no 
longer did the abrupt walls hem us in, but large masses of rock, I 
May say sides of mountains, lay piled up all around. We measured 
one perpendicular cliff, which, from its position, was accessible to 
Our instruments: found it to be 825 feet high, and this was below 
the average of the walls; so it is easy to conceive the relative 
magnitude of the rest. From out of this chaos the cafon gradually 
emerged, widening out and approaching more to the extent and 
appearance of a narrow valley. The south side first began to break 
away with sloping bluffs, covered with cactus and stunted vegeta- 
tion, while the north side continued perpendicular for three miles 
and a half beyond the second "narrows," where it joined a huge 
mountain of igneous formation, consisting of six basaltic terraces 
One above the other, which formed a fine landmark for miles around 
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to show the position of the canon. Beyond this are foot-hills on 
both sides for two miles more, when the canon merges into the 
widening valley, which, some six miles further on, joins that of the 
Rio San Pedro just south of Camp Grant. In this valley nearly all 
of the water of the Aravaypa sinks into the earth. I hear, in fact 
from residents at the fort, that for many weeks during the year no 
surface-water whatever enters the Rio San Pedro from it, although in 
the canon there is always a fine stream. 

The result of the survey from Railroad Pass to Camp Grant is 
the following: 
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Photographs of upper Aravaipa Creek in the period 1890-1900 (Appendix B) 
indicate its floodplain near Klondyke had been cleared and was under culti- 
vation. Large cottonwoods and likely sycamore appear as a remnant gallery 
forest. Another photograph in the series depicts a dense, relatively young 
stand of cottonwood, which supported thick wild grape. Ground litter in the 
group was dense, far more so than can be found at present, indicating long 
protection from fire or flood. 

Riparian forests along Aravaipa Creek in 1890-1900 were massive in size 
and development, and seem to have been dominated by cottonwood. Willow and 
sycamore also were in evidence, and more of the former appeared present than 
now is the case in four photographs of upper Aravaipa Creek and its canyon and 
dated only “before 1900" (Appendix B). Young trees attested to a success- 
fully-reproducing community at that time, and there was no evidence for heavy 
grazing of the understory. Clumps of large reed, also noted by Bell (1869) 


(presumably Phragmites australis (Cav.) Trin.), were in the photograph near 
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“the chimney" on upper Aravaipa Creek. That species is a major stabilizer of 
riparian areas along some Arizona streams, along with with similar giant reed, 
Arundo donax L. (Minckley 1979a). Phragmites no longer is present along 
Aravaipa Creek (Appendix A). 

Condition of banks in the photographs prior to 1900 appeared less incised 
than is seen today. Riparian trees were nearer the water's edge, and cut 
banks, when present, were obviously lower at that time, implying greater 
stability of riparian communities. There was no evidence of aquatic vege- 
tation in any old photograph. More modern photographs of Aravaipa Canyon, 
other than those provided in other parts of the present report, are available 
in accounts by Heald (1950), Kramer (1965), van Campen (1965), and USBLM 
(1979), 

Extensive cattle ranching was practiced in what is now southeastern 
Arizona from the latest 1700's through the early 1800's (Wagoner 1949, 
Hastings and Turner 1965). The Spanish land grants were mostly in operation 
south of the area, and most of these were curtailed by Apache activity in the 
1840's. Following the Gadsden Purchase of 1854, occupation of the area by 
Americans began to expand, and ranching became a major land use (Calvin 1946). 
The Sierra Bonita Ranch included parts of uppermost Aravaipa Valley, and heavy 
grazing must have been experienced by the area during that period of time. 
Severe reductions in ranching again occurred in the latest 1800s, when 
Prolonged, severe drought gripped the region (Hastings and Turner 1965) and 
great numbers of cattle were sold or died for lack of water and forage 
(Wagoner 1949). Large ranching operations were established along the 
immediate banks of Aravaipa Creek in the 1880s (Kramer 1965), and cattle and 


goats became major products (Alexander n.d.). 
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Mining exploration and activity commenced in the LobUSe but” little 
production occurred until about the 1880-1890 period. Smelting operations 
were reported in the Klondyke area in the late 1870s (Wilson 1950, Simons 
1964). Amounts of metal produced were poorly documented in the early 1900s, 
but about 1925 a mill was constructed at Klondyke, and yields increased 
(Appendix C). Lead was the principal metal produced, followed by zinc and 
small amounts of silver. In the period 1929-31, the Klondyke area was second 
in production of lead in Arizona. Operations declined in the 19350s3- but in 
the 1940s Aravaipa claims were consolidated, mines were developed and the area 
became a major shipper of lead and zinc ores. One or more flotation concen- 
trator plant(s) was built at Klondyke, which was Operated until 1949. Opera- 
tions ceased about 1957. Since then, limited mining has occurred, except for 
sand, gravel, and rock, although exploration and minor activities continue to 
be in evidence (USBLM 1970, 1978, and Original data). A more detailed treat- 
ment of the mining industry in the Aravaipa Creek area is provided in Appendix 
C (see also Section V-A). 

Direct use of Aravaipa Creek in early days as a water supply, for live- 
StOCK at’ Tirst, tnen for “limited floodplain agriculture, and undoubtedly for 
mining, smelting, and concentrator Operations, seemingly were compatible with 
maintenance of the natural biota. Riparian communities are not now as highly 
developed as in the late 1800's, but species composition remains almost 
intact. Diversions for irrigation of pasturage in wider parts of the valley 
and canyon have been practiced for more than 100 years (Fred Woods, pers. 
comm.), but are transitory enough to have had little effect on the system. 
Remnants of mining operations are documented as relatively high concentrations 


of some heavy metallic elements, as is to be outlined later, but none appears 
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to have had permanent detrimental effects on the biota. The general absence 
of application of advanced technology in the area has allowed it to be 


preserved. 


IV. PHYSICAL ENVIRONMENT OF ARAVAIPA CREEK 


A. Stream Channels 


The courses of Aravaipa Creek and its tributaries are partially under 
structural control, but more frequently reflect antecedence of channels that 
have carried enough water to successfully downcut during local and regional 
uplifts (Section II-A). The mainstream, above the source of perennial water, 
follows an ancient, southeast-northwest-trending, structural valley. Much of 
Turkey Creek parallels (a few hundred meters west of) a gentle synclinal fold, 
which likely influenced its course. Spectacular antecedence is the crossing 
of an anticline by Aravaipa Creek near the inflow of Bear Canyon, and breach- 
ing of a major section of the Galiuro volcanics at its inner gorge (Simons 
1964, Krieger 1961). The abrupt origin of water in upper Aravaipa Creek is 
further attributed by Simons (1964) to the channel crossing at right angles a 
buried fault scarp that forms an impermeable barrier to subsurface flow. 
Depth to water in wells on the floodplain in 1975 was 1.8 to 4.1 m immediately 
below the putative fault line, while those southeast (upstream) of that point 
had depths of water to 15.8 to more than 25 m (Gould and Wilson 1976), thus 
adding credence to present of some kind of barrier to underflow at that point. 

Relations of gradient of the channel of Aravaipa Creek to underlying 
Structure are generally depicted in Figure IV-l. Gradients range from less 
than 2.5 m/km near the source, to greater than 25 m/km within the gorge, and 


to about 5.0 m/km near the San Pedro River. Overall average in the flowing 
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Relations of channel gradient in Aravaipa Creek, Graham and 
Pinal counties, Arizona, to various geologic and geographic 
features of the watershed. Compiled from U.S. Geological Survey 
Topographic Quadrangles and literature cited in the figure. 

















T1BO4RO SAARBVA 
2AUOTHOD HUSWITSS 


I fad nae bb va < wen 


~AL id \ f nome. 
eT ; a 
\s Pr {eon dames j A 7 ; me 

" ea we m erhlere town , 1 1 “i 


ON 1 /u\' 
4 a " . | | ; 
; 3 \/ ee 
vaaede ') eae) ue Gree she & cant ee 7 
Od 2.49 is nee 2 Oe ee ee aaa 
Fi dee ec: or ew 
* ~ : 
\ . 
= ‘ 
{ — 
* * ~- 
‘ ry 
wbupt * ~ 
1 MO«as 
; “9 
j ' 
| 
—— —_— ow trent © hatinntedl rams =e Aeaeineenmenneaed —— - 
Me eee © OH 
hes PMA YAO We 
<4 i ; aa 


nD 997) #alave A AP eee ‘any tS am 99 _rhoiaes 

‘oop pos sirpelosy 2B tie o? SAO TA 29h sued 
ayru2 ytoolosd .2,.U mon? bef tama .barier9 Yew ony To. sin a 
eoupl? ant nt Segis Sheree ee shina awe 


4 
oP a © é - i) 
a 


cae ; 
: Oh tae 
ao: he 





Ley . 


29 


portion of channel is ca. 8.3 m/km. Average gradients between contours are 
Tow but variable above Virgus Canyon the mainstream of the Aravaipa, range 
from maxima of 20 to 30 m/km where the stream crosses igneous dikes within the 
gorge, and are again almost uniform below Canyon sections (Fig. IV-1). 

Some southwest-flowing tributaries are discordant to Aravaipa Creek, with 
series of falls and other excessively high-gradient reaches. They have rather 
small catchments and have not kept pace with downcutting in the mainstream. 
Most north-flowing tributaries, on the other hand, are longer and likely 
receive more rainfall in the massive Galiuro Mountains. They have high, but 
more uniform grades, and are accordant in their junctions with the channel. 

Although upper- and lowermost Aravaipa Creek flows over relatively thick, 
recent alluvium, much of the central gorge of the mainstream and many tribu- 
tary channels have sedimentary or volcanic bedrock no more than a few meters 
beneath their unconsolidated substrates (Simons 1964). Exceptions to this are 
in the largest tributaries, such as Turkey Creek and Old Deer Creek (upper 
Hell Hole Canyon), and in Aravaipa Gorge above its confluence with major side 
canyons such as Virgus and Hell Hole, where deeper deposits are present. 

Physical features of the channel of Aravaipa Creek were measured directly 
Over 7.8 km in October 1976. From an arbitrary point near Wood's Ranch, 
survey parties worked both up- and downstream, recording channel and stream 


widths and depths at 100-m intervals (Table IV-1). These data were used to 


compute mean values for the reach from the western boundary of Aravaipa Canyon 


Primitive Area (Fig. II-1) eastward into the canyon for 3.0 km, for another 
reach from that boundary for 1.7 km downstream to Wood's Ranch, and for a last 


segment from Wood's Ranch for 3.1 km downstream. Percentages of riffle, 
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Table IV-1. Statistics for physical features of 100-m segments in Aravaipa 
Creek, Pinal County, Arizona, October 1976; ranges in parentheses are for 
means of segments ugless marked with asterisk, the latter are for raw data. 
Discharge was 0.31 m°/s 
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rapid, and pool, channel configuration (braided or single), and percentage of 
water surface shaded during the period 0800 to 1600 hours also were noted. 
Within the canyon the stream was narrower than elsewhere, was deeper on 
the average and at a maximum, and had less surface area and volume per 100-m 
segment. It typically flowed in a single channel with a large percentage of 
rapid habitat, and was heavily shaded. Pools were fewer but deeper than 
downstream (Table IV-1). The reach upstream from Wood's Ranch also was 
heavily shaded, but was broad and shallow with a high percentage of braided 
channel. This section of creek flows through a relatively broad portion of 
the lower canyon formed by alluvium accumulated below major side canyons and 
as a result of deposition above a dibase dike (Fig. IV-1). In the most 
downstream reach the stream passes through a complex zone of alternating 
canyons and broader alluviated areas. The channel becomes even wider and less 
complex, but stream width is somewhat less as a result of incision into valley 
fill. Percentage shading was substantially reduced, as was the percentage of 


rapid habitat. 


B. Recent Alluvium 


Younger alluvium of Aravaipa Creek and its tributary channels consists of 
unconsolidated, poorly sorted sand and gravel, plus far less cobble and 
boulder than in older deposits of the area. Origin and nature of flood flows 
have remarkable influence on sediment loads, and therefore have different 
impacts on the channel. Vast amounts of materials are transported to and 
through the system when floods originate in the upper Aravaipa Valley. 
Surface deposits of that relatively broad plain are fine-grained and readily 


carried by sheet flow or other runoff, and such an event often results in 
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massive aggradation downstream. Sands and gravels are temporarily deposited 
in wider reaches and immediately upstream from narrow places where hydraulic 
jumps are preceded by a decrease in competence of water to carry them (Burkham 
1976a). This subjects the channel to alluviation, locally termed “sanding 
in," which fills pools and creates a smooth, chute- or run-like pattern of 
Flow. 

Flood waters through canyon tributaries from higher-elevation, bedrock 
parts of the drainage carry little suspended material, and therefore have high 
kinetic energy available to degrade finer sediments. Large materials are, 
however, moved into and through the System, after being gouged from con- 
glomerate walls of arroyos and canyons. Alluvial fans from larger side 
canyons may dam Aravaipa Creek (Fig. IV-2), resulting in temporary im- 
poundment, or if sufficiently massive and long-lasting allowing upstream 
development of terraces (Section IV-A). Clear-water floods of high volume 
degrade the channel, resulting in re-establishment of pool habitats where 
obstructions such as cliffs at bends accentuate scour, and riffle-run-pool 
conditions prevail. 

Particles analyses after low-discharge years of 1974-75 show a general 
relationship to gradients in the various stream segments (Table IV-1, Fia. 
IV-3). Greatest percentage variations were in finer (< 3.2 mm) and coarser 
(> 12.2 mm) materials. Large particles were prevalent in reaches of steeper 
gradient and vice versa. Samples used were from the uppermost 5.0 cm of 
Substrate in the center of flowing (or previously flowing) channels. Data 
represent percentage by weight of various particle sizes after air drying in 
the laboratory for periods of 5 to 18 months. Items larger than 25.4 mm were 


arbitrarily excluded. 
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Figure IV-2. Alluvial fan resulting from flash tlooding in Brandenburg Wash 
impounding lower Aravaipa Creek, Pinal County, Arizona, spring 
19/7. 
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Figure IV-3. Frequency distribution of bottom particles < 25.4 mm diameter at 
various points on Aravaipa Creek, Graham and Pinal counties, 
Arizona, winter 1976. See text for further explanation. 
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Qualitative observations indicate similar patterns of sediment distribu- 
tion persist in the channel of Aravaipa Creek from year to year. After scour, 
finer sediments are obviously depleted with canyon segments, but remain 
prevalent in low-gradient reaches up- and downstream. Periods of low dis- 

charge, or of flooding from Aravaipa Valley, move fine sediments back into the 
canyon, and set the stage for subsequent removal by flooding from side- 
canyons. Immediately following floods, and sometimes for periods of weeks 
after severe re-working of bottom deposits and input of finer alluvium, 
bottoms in much of the channel continue to shift downflow. This results in 
sorting and compaction of sediments, and bottoms become armored by coarser 
materials. Vertical cores taken along the margins of swift currents demon- 
strate this relationship quite well in the upper 10 to 15 cm, but the effects 
of sorting is less evident at deeper levels (Fig. IV-4). Relations of 
particle sizes at the substrate surface (upper 5.0 cm) to speed of flow over 
unstabilized and stabilized bottoms are quite different (Fig. IV-5), with the 
former demonstrating progressive mass transport of sand and gravel three days 
after a flood (July 1977) and the latter depicting conditions after 2.5 months 
of ever-decreasing volume of discharge in the stream (June 1976). 
Relationships of speed of flow and substrate particle sizes in Aravaipa Creek 


are obviously the same as described in other natural streams (Schmitz 1961). 


C. Discharges and Patterns of Flow 


Stream flow in low-desert watercourses of southeastern Arizona may 
realistically be separated into winter and summer periods (Burkham 1970). 
Winter flow is a result of precipitation from frontal storms, snowmelt, 


groundwater outflow, or a combination of the three, in the period November 
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Figure IV-5, 
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SO 
PERCENTAGE 


Frequency distribution of particles < 25.4 mm diameter in verti- 
cal cores adjacent to runs in Aravaipa Creek, Graham County, 
Arizona, winter 1976. See next for further explanation. 
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Frequency distribution of particles < 25.4 mm diameter in 
surficial sediments of runs of Aravaipa Creek, Graham County, 
Arizona, under contrasting conditions or prior discharge; 
numbers near curves are velocity of flow at the surface at the 
points of sampling. See text for further explanation. 
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through April. Changes in discharge during this period tend to be gradual, 
and relatively high rates may continue for several days or weeks. Local 
thunderstorms produce summer discharges (May through October, for hydrological 
purposes), resulting in high unit rates and volumes of water from small, often 
ephemeral watersheds (Burkham 1976b). Such "flash floods" have sharp front 
crests near the source of runoff, but become flattened and rounded downstream 
because of regulation by ever-increasing sizes of channels, depths of 
alluvium, and other factors. Runoff from thunderstorms often is completely 
absorbed by interstices underlying alluvium and disappears as a surface 
phenomenon (Burkham 1970). Summer flood flows in perennial streams are 
typically a composite of inputs from several sources, producing complex 
hydrographic records. Specific data for the period 1976-78 are to be given 
later with reference to biological studies (Section VI), but general patterns 


are discussed below. 


ie Discharge Relations 


Average wintertime flow for 21 complete years of record for Aravaipa 
Creek (1920, 1932-42, 1967-75) was 61.3% of its mean total annual discharge, 
Ge 2, 550 hm>, Most outflow of water from the system was concentrated in 
February and March, reflecting snowmelt from highlands plus rainfall when 
above the winter base discharge of 0.31 m/s. Winter runoff was highly 
variable, as indicated by large standard errors of monthly means (Fig. IV-6), 
with winter minima exceeding those of summer Dy a factor of 2 or 3. The low 
average and range of discharge during January most likely results from 
freezing conditions at higher elevations during that coldest month of the year 


(Green and Sellers 1964). 
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CUBIC METERS / SECOND 


MONTHS 


Means (horizontal lines), ranges (vertical lines), and one 
Standard error either side of the man (rectangles) for monthly 
discharges in Aravaipa Creek, Pinal County, Arizona, for 21 
years of record; see text for further explanation. 
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Summer discharges (38.7% of the total, or 980 hm), were lowest on the 
basis of mean monthly data in May and June, and highest in August in the 21 
years of records (Fig. IV-6). October mean and maximum were forced upward by 
heavy precipitation and runoff in 1972. If that year is excluded from the 
data, mean for the month is 0.61 m/s (range ca. 0.22 + 2.26 m/s) slightly 
lower than September and in line with the typical autumnal decline in dis- 
Charge. Far lower base flows in summer months must be attributable in part to 
greater irrigation demands and higher evapotranspiration in the warmer period. 

Frequency distributions of mean daily discharges of Aravaipa Creek 
further demonstrate differences in winter and summer patterns (Fig. IV-7). 
Summer discharges show a strong tendency for bimodality, with a minimum base 
flow of about 0.14 m°/s, and a second mode in the vicinity of 0.28 iS The 
first of these represents outflow of springs and seepage from the aguifer that 
maintains permanency of the system, less consumptive uses such as irrigation 
on the floodplain. The higher mode, representing a doubling of discharge at 
the USGS Gage near the lower end of the channel, may reflect periods in which 
irrigation is not being practiced, or small, local spates resulting from 
thunderstorms on small catchments. The last must certainly be the case in 
years of relatively high discharge throughout summer (such as 197 gei33 Fig. 
IV-7), where the bimodal pattern persists. Winter discharges tend to be 
unimodal and far less variable than those in summer. 

Highly permeable substrates in southwestern streams may transport a large 
percentage of the overall discharge of a system as sub-surface flow. Surface 
discharge also may vary up- to downstream, with reaches of dry channel alter- 
nating with segments of strong epigean flow (Heind] and McCullough 1961). At 


high discharges, alluvium becomes saturated, and variations up- to downstream 
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Frequency distributions of mean daily discharges in summer (above) and 
winter (below and hatched) in Aravaipa Creek, Pinal County, Arizona, water- 
years 1967 - 1977; compiled from U.S. Geological Survey records. 
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consist of progressive increases as inflow accumulates from Springs and 
tributaries. These phenomena are illustrated for Aravaipa Creek in Figure 
IV-8a-b. Data were collected by the Embody (1927) cork-float method, and 
points represent an average of three discharge estimates at each sampling 
station. Accuracy of this technique depends largely upon care taken in the 
various. measurements, and is greater at lower discharges (smaller channel 
sizes) than at higher volume of flow. For example, on 6 July 1977, estimates 
of discharge immediately below Brandenburg Canyon produced a mean of 0.055 + 
0.002 “is (range 0.053 - 0.057), while the same procedure on 28 March 1977 
resulted in an estimate of 0.374 + 0.039 (range 0.332 - 0.407). 

Aravaipa Creek flows at relatively low levels of discharge, less than 
Onoy, iors! 90% of the time at the downstream gage (Fig. IV-9), and such 
volumes (>0.0 and < 0.57 m/s) allow adequate stability for development and 
maintenance of a diverse biota that is to be discussed later. Destructive 
flooding of more than 2.83 m/s occurs less than 3.0% of the time. Each of 
these levels of discharge produce about 40% of the total water yield of the 


system (Fig. IV-9). 
2. Relations of Precipitation and Discharge 


Data for precipitation at Klondyke, Arizona (U.S. Weather Bureau, pub- 
lished periodically) were compared with discharge at the downstream gage on 
Aravaipa Creek in an attempt to relate local precipitation and stream 
discharge (Figs. IV-10a-b, IV-11). In winter 1970-71, a low-flow period, 
discharge variations in periods of no recorded rainfall at the Klondyke 
Station were almost as great as when precipitation of near 2.0 cm was recorded 


in a single day (Fig. IV-10a). By contrast, the hydrograph for a wetter 
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Figure IV-8. Instantaneous discharge estimates up- to downstream in upper (a) 


and lower (b) Aravaipa Creek, Graham and Pinal counties, 
Arizona; see text for further explanation. 
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Figure IV-9. Relations of various levels of discharge and percentage of time 
each level occurred in Aravaipa Creek, Pinal County, Arizona, 
water-years 1967 - 1977; compiled from U.S. Geological Survey 
records. 
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Figure IV-10. Relations of precipitation events and winter (a) and summer (b) 
discharges of Aravaipa Creek, Graham and Pinal counties, Ari- 
zona, in high and low discharge periods (upper and lower, 


respectively, in a and b). 
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winter (1972-73) demonstrated definite responses of the stream to precipi- 
tation. Rainfall of relatively long duration, over two or more consecutive 
days on alternating days within a week or so, generally produced flood 
conditions (> 2.83 m?/s). A similar situation accrued in summer in a dry year 
(1976). Individual rains had little impact on discharge, but periods of two 
or more days of precipitation resulted in spates. In summer 1971, consecutive 
flooding occurred from consecutive or alternating days of precipitation, with 
highest daily discharges related to rainfall of more than 5.0 cm in a single 
or two consecutive days. 

Discharge for 12 years at the downstream gage on Aravaipa Creek is 
compared directly in Figure IV-11 with precipitation at the Klondyke station. 
A rainfall event was defined for purposes of the figure as the total amount of 
Precipitation falling on one, or consecutive days, separated from the next 
event by at least one day of no recorded rainfall. Maximum daily discharge on 
the same day as the rainfall event or within three days of the end of 
precipitation was plotted on the other axis. Winter rains correlated poorly 
with increased discharge, while summer data related remarkably well. This 
contrasts with findings of Burkham (1970), who demonstrated a far higher 
correlation of winter rains and runoff than was present in summer in the Gila 
River, eastern Arizona. 

On an overall basis, average water yield of 1.79 hm/km*/year from the 
Aravaipa Creek watershed is remarkably similar to that of the larger Gila - 
San Soreness rivers basin of eastern Arizona (1.81 hi/kna/veac: Minckley 
1979b). Assuming an average precipitation of ca. 32 cm/year over the 
drainage, the mean discharge of 2,530 hm/year in Aravaipa Creek represents 


about 5.5% of the available water falling on the region. 
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D. Water Temperatures 


Temperatures in streams are subject to substantial changes on an annual 
and daily basis. Annual variations tend to follow those of local, terrestrial 
climates, while diurnal changes are superimposed upon the broader pattern 
through effects of heating by absorption of solar energy and cooling mostly 
through evaporation (Hynes 1970). Mixing in turbulent channels effects 
essential homeothermy in a given reach, with stratification in deep, protected 
pools (Neel 1951) being an exceptional circumstance. Volume of discharge has 
a large impact on thermal conditions in streams, since larger amounts of water 
obviously require far more energy for heating or cooling than smaller ones. 
Other factors influencing rates and magnitudes of change are shading, relative 
volumes of surface vs. subsurface water, air movement (wind), and relative 
humidities (Macan 1958, Kamler 1965). 

Annual means for water temperatures in Aravaipa Creek, computed as the 
average of maximum and minimum daily temperature as recommended by Macan 
(1958), tended to be higher than mean air temperature of the region in autumn, 
winter, and spring, and lower than air temperature in summer (compare Fig. 
IV-12 with Fig. II-2 and Table II-1). Water in upper Aravaipa Creek remained 
cooler in summer and warmer in other seasons than that in the lower reach, 
presumably because of greater volumes of underflow near the headwaters, plus 
inflow of seeps and springs in that area. 

Temperature variations in the stream were far greater than has been 
elsewhere reported (Figs. IV-12 - IV-13). Hynes (1970) considered diurnal 
variation of 6.0° ¢ in summer as near a maximum in small streams, yet Aravaipa 
Creek had diurnal variation that averaged more than that value in most 


seasons, and maximum daily variation of 12.5° C in summer and 1 Se C winter 






oui “a is . 


unnn ie oe ese tet nest .ob sot ae or, 
‘ a wy 


fe ytaerist “Taoo! azadd wolfcd or bra, “enotiey 

























: y - : ee ¢ 
ait Solty 
a a late ea a) 
#T ee 1 9 f 4 : => 
oe a 7 


nietteg. tebeowd sf? aodu bsto ogmirgqua os spread. Ta beso 
- 


u[teom pntlood bnsa yerven® twaTok To netiqugeds wt parr Ne sea re: ra 
7 aot 


etpetts 2fannsfia Insiudwwe af OnrMrn covee sed an AL 
sige ee is Ben 
re 10.2955 of no?teottr fends ditw , oes ASVID & nt girs a MAO! : 


7 " 


ake are 


orstozth To wmufoy ,sorstemwotle Temorsgsexe as iss (oe ‘toe ad vie 
tow YO einwoms “eovel sone ,2emwawte nf gners one. ‘surest, 1 No Sm al 
Ne A3 J 1° 10GQ ro} Mil P cf SOF ‘ ie A heb nd 3° ill +83 ‘situps 7 aa 


[ay ,pnrbate aonb ifs co zebusinosm bas 2630" pats onouftnt oo ine 


‘fer bos ,(batw) inet we * “stow ooetusedue .2V goettue ¥0 208 cute 


{J a 


(AWOL ahem BET neem) oath aut ea 

to 

Ji > : 9 sve’ a4 muse Ts uel yon qc? 2reon Tow 1 . 
sutesagime? vlieb ouminmh bas GRE FEAR Bete 
7 = ae oa 

6 qutoss eff Yo ausstqeeny whe Aes AON nsitgtn on or botnet at 


2! m9). Yemwe AT Sseurersgms? NTs many vines bes: canner ae 


i] 
5 b’) ve A tT a) it’ Sa A - ; (1 . 5 tapT bas a1 oer inh 
s é hy 2 ‘ pe 
~ vows) gt Al Jedd pode Qnesese Seneh A? Wertew il mys: 


any THs" —_ 
0% 6nd ‘he ys itera a + 
‘a 


cs Le es 
wor wot sbAL, Yo zeus ! oy «so Beng: vo" $2 ye 
i | 


nvsd 26 madd yeteuye "6? Side at sit3 ne zaddabixey 






teowt> bevabhaney (ONG!) zen AeheVI  SheW antes pene | 
aa hw x ae fa Or 
agrsveh toy ,eeersa biane ht cual xo a aan ( te ig. OT 78" 





oie ap 


vt) 
Oo 


Temperature, °C 


3 


Figure IV-12. 
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4 e M A M a) J. A S O N D 
Ranges and means of water temperatures in Aravaipa Creek, 
Graham (= upper Aravaipa, open circles) and Pinal (= lower 
Aravaipa, dots) counties, Arizona, 1976 - 1978: means are of 


maximum and minimum daily values, following Macan (1958). See 
text for further discussion. 
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Figure IV-13. Means (horizontal bar), ranges (vertical lines), and one 
standard error either side of the means (rectangle) for daily 
variation (upper) and rates of change (lower) in water tempera- 
tures in Aravaipa Creek, Graham and Pinal counties, Arizona. 
Dots are mean temperatures or rates of change excluding data 
for cloudy days; see text for further explanation. 
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(Fig. IV-13). Lowest daily variation was in autumn, partially as a function 
of higher discharges from summer rainfall, less evaporative cooling as a 
result of higher relative humidities, and less heating in daytime with in- 
creasing angle of incident light. Data for spring (March-May) in Figure IV-13 
are spurious since 3 of 4 dates in that study period had a higher percentage 
of cloud cover. Variation in spring should, however, be lower than summer, 
again because of at least a lower angle of incident light. Despite differ- 
ences in absolute temperatures, means of daily downstream stations (upper - 
7.35+2.29° C, range 31621225" C, n = 14; and lower - 7.59+2.49° C, range 
31-11.52 Cin = 13). 

Rates of heating of water in Aravaipa Creek, computed as an average gain 
per minute from daybreak to attainment of maximum daily temperature, were 
greatest in summer and autumn (> eine Cis, 107° /minute), and least in winter 
and spring (Fig. IV-13). As noted before, information for spring is 
questionable because of clouds on sampling dates. Overall cooling rate was 
remarkably constant relative to heating, averaging 41.7% of the last value, 
with a standard error of only 3.6% (range 37 to 52). 

Daily heating began abruptly as sunlight impinged upon the water, at 
daybreak in open areas or somewhat later when stations were just downstream 
from canyon-shaded sections (see data for 770820 in Fig. IV-14), or where 
riparian vegetation shaded the water. Heavily shaded segments of the stream, 
as within Aravaipa Canyon, were significantly cooler at mid-day than other 
reaches (Table IV-2). 

Maximum temperatures at most points in the creek were attained between 
1400 and 1600 hours, then cooling ensued until minima were achieved just 


before daybreak. Cooling of the stream from its daily maximum to minimum was 
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Figure IV-14. Diurnal variation in water temperatures in Aravaipa Creek, Graham and Pinal 
counties, Arizona. Raw data from which these semi-diagramatic curves were 
plotted are in Appendix D (Tables A-B). 
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Table IV-2. Water temperatures above, within, and below Aravaipa Canyon, 
Graham and Pinal counties, Arizona; numbers of samples followed by ranges in 
parentheses. All temperatures taken between 1200 and 1500 hours. 
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initially rapid, reflecting low relative humidities in late afternoon, then 
slowed after darkness. Highest temperatures occurred when relative humidity 
was high and accompanied by intense insolation after summer rains (July- 
August; Figs. IV-13, IV-14). Cloud cover effectively limited heating in the 
stream (all but 770318 in the March-May period in Fig. IV-14 had extensive or 
complete cloudiness), producing the least variation recorded on a daily basis. 
Raw data on temperatures of the stream are reproduced in Appendix D (Tables 


A-B) ° 
E. Turbidity and Light 


Measurements of turbidity in waters of Aravaipa Creek were less than 1.0 
Jackson Turbidity Unit (JTU) when discharges were lower than 1.0 meveecand and 
had been so for a period of more than 10 days. Flow exceeding 2.83 ni cecond 
invariably carried large amounts of suspended matter, but there was little 
relationship between JTU estimates and the actual weights of sediments in 
samples from floods (Fig. IV-15). Coarse particles sedimented so quickly from 
samples that no reliable measurements of JTU was obtained. Weights of parti- 
culate materials per unit volume further correlated only generally with 
discharge (Fig. IV-16), indicating as demonstrated by Fisher and Minckley 
(1978) that suspended load is highly variable in time and space during 
flooding in desert watercourses. 

Samples allowed to settle for 3 to 5 days after collection retained 
turbidity in the form of semi-colloids and colloids. In 11 samples from 
floodwaters in summer, JTU readings ranged from 14 to 56. Eight samples from 
winter floods all had greater than 100 JTU after 3 to 5 days without agita- 


tion. These differences must reflect differing origins of water. As noted in 
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Relationship between turbidity as measured in Jackson Turbidity 
Units (J.T.U.) and gravimetric measurement of suspended solids, 


Aravaipa Creek, Arizona. 


Figure IV-15. 
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Section IV-B, flooding from general rainfall in Aravaipa Valley carried larger 
amounts of fine particles than those from bedrock and conglomerate watersheds 
draining directly into Aravaipa Gorge. Most spates from summer rains that 
entered from side canyons influenced the mainstream only briefly and locally, 
but movements of some trace elements into the system on particles carried by 
such minor discharges were indicated by some microchemical analyses (to be 
reported later; see Section V-A-3-b). 

Thermal features of Aravaipa Creek strongly reflect conditions of in- 
coming light, and measurements of incident light by General Electric’ 
photocell provided little additional quantitative data. | Instantaneous 
measurements of intensity of shading produced by cliffs and riparian vege- 
tation were, however, instructive. North-facing cliffs completely shaded the 
stream, reducing light at the water surface to less than 5.0% of that present 
in open areas at mid-day in summer. In winter, light intensities in such 
places were below the level of sensitivity of the available instrument. 

Similar reduction of radiation at a water surface was reported by Fittkau 
(1964) in closed-canopy rain forest of the Amazon River basin, but only dense 
sycamore trees along Aravaipa Creek reduced light to less than 20% when fully 
leafed. Cottonwood and willow riparian zones generally allowed 30 to 50% of 
incident light to pass at mid-day. Minckley (1963) similarly reported about 
90% light transmission through mixed mesophytic riparian forests along Doe 
Run, Kentucky. 

Penetration of light to the bottom in Aravaipa Creek was 90% or greater 
of incident light at the water surface for all measurements recorded at mid- 
day in summer when the stream was clear. In late evening and early morning, 


40 to 60% of incident light reached the substrate. Turbulence (roughening of 
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the water surface) reduces reflection of sunlight at low angles of incidence 
(Dimhirn 1953), thus accounting in part for relatively high levels of pene- 
tration. The high percentage of diffused radiation within confines of the 
canyon and riparian gallery forests also undoubtedly accounts for substantial 
penetration of visible light. Winter measurements of subsurface light at 


mid-day also resembled those at the surface. 
V. CHEMICAL ENVIRONMENT OF ARAVAIPA CREEK 


Little has been published on water chemistry of streams in the Sonoran 
Desert, and essentially nothing has appeared that deals specifically with 
Aravaipa Creek. An early report by Heind] (1952) included analyses of a 
single sample with specific conductance of 438 umhos/cm (at 25° Chemtotal 
dissolved solids (TDS) — 787 mg/1, total hardness — 168 mg/1, bicarbonate 
(HCO, ) alkalinity — 253 mg/l, sulfate (SO, ) — 17 mg/l, chloride (C1 ) — 
8 mg/l, and flouride (F ) — 1.2 mg/l. Minckley (1972) reported on several 
macrochemical conditions of the stream, including a range in pH from 7.0 to 
8.5 depending upon site and time of day. Dissolved oxygen (DO) and oxygen 
Saturation also varied noticeably with time, with the latter ranging from 50% 
con oun. (The low value was achieved at night and suggested substantial 
respiration within the system.) Nutrients, nitrate-nitrogen (NO,-N) and 
phosphate-phosphorys (PO,-P) decreased from up- to downstream in the channel. 
The former ranged from 0.08 to 0.26 mg/l and the latter from 0.02 to 0.17 
mg/l. Sommerfeld (1977) produced data and reported upon microchemical con- 


Stituents of the stream and some of its tributaries, and his information is 


presented as the following section. 
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A. Microchemical Studies 


by Milton R. Sommerfeld 


1. Introductory Remarks 


Most trace (microchemical) elements are essential to organisms in minute 
quantities. Few thus far have had no demonstrable biological function. At 
elevated concentrations, however, many are acutely or chronically toxic, and 
in areas such as the Aravaipa Creek watershed, old mines and mine workings are 
a potential source of substantial quantities of such materials. 

Major difficulties arise in assessment of effects of specific concentra- 
tions of an element on a given organism. Most animals ingest both dissolved 
and suspended materials from surface waters as they drink. Humans tend to 
avoid suspended particulate matter and high levels of some dissolved mater- 
jals. Aquatic animals ingest both dissolved and particulate fractions. 
Aquatic plants, on the other hand, absorb only dissolved forms. Different 
species, ages, and life-cycle phases may furthermore have different tolerances 
for various elements. Other complicating factors are chemicals such as 
calcium (Ca) and magnesium (Mg) jons, organic load, oxidation state of the 
element question, and other associated trace elements, which may act syner- 
gistically or antagonistically (McKee and Wolf 1963). 

In an attempt to deal with toxic effects of dissolved substance in water, 
state and federal standards have been adopted for municipal and other water 
supplies. Standards for other surface waters are not so well defined. The 
Federal Water Pollution Control Administration (USFWPCA 1968) recommended that 
standards for certain elements be some fraction of a lethal dose based upon 


bioassays using "sensitive" freshwater species. More recently the Environ- 


mental Protection Agency (USEPA 1976) established water quality criteria 
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that “specify concentrations of constituents that, if not exceeded, are 


expected to support an aquatic ecosystem suitable for higher uses of water." 
2. Methods 


Water samples for microchemical analyses were collected at several 
elevations on Aravaipa Creek and in various tributaries (Turkey Creek, Bear, 
Hell's Half Acre, Hell Hole, Paisano, Horse Camp, and Virgus canyons, and an 
unnamed canyon; Tables V-1 - V-2, Fig. V-1). Duplicate samples were obtained 
where surface water was available on the following dates: 9-11 August, 23-24 
October, 19-21 November 1976; and 21-22 January 1977. Those for analysis of 
dissolved constituents were filtered through acid-washed (1.0% hydrochloric 
acid [HC1]) membrane filters (0.45-um pore size) using 50-m] polypropylene 
syringes and 47-mm, plastic filter holders. Several hundred milliliters of 
sample was filtered and placed in acid-washed polypropylene bottles. Filtered 
samples were acidified in the field with 2.0 ml/1 of ultra-pure Ultrex nitric 
acid. The duplicate sample was not filtered, but was acidified (HCl) as 
previously noted for total of acid-extractable element determinations. 

Sample preparation for total elements involved further laboratory acidi- 
fication with 2.5 m1/100 ml of ultra-pure, concentrated HCl and heating for 15 
minutes. After cooling, the sample was filtered as described above and 
brought back to 100-ml volume with de-ionized, glass-distilled water. 

All containers were washed 3 times in 1.0% HCl] followed by 3 rinses in 
de-ionized, glass-distilled water. Analyses were performed by atomic absorp- 
tion techniques using a Perkin-Elmer Model 403 spectrophotometer. Major 


: : : ; ‘ + 
cations, calcium (Came magnesium (Mg), sodium (Na’), and potassium (K ), 
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V-1. Sampling sites on Aravaipa Creek, Arizona (See also Fig. V-1). 


Site No. 
i 1006.8 
2 983.0 
3 975.4 
a 960.1 
5 935.7 
6 906.8 
7 872.6 
8 859.5 
9 851.9 
9 10 816.9 
11 192.5 
12 791.0 
13 Joo=9 
14 7 Ole) 
15 658.4 


Elevation (m) 


Description 


Below Source 

1.5 mi. below source 

At Maroga Canyon 

Below Maroga Canyon 

Below Turkey Creek 

Below Hell Hole Canyon 

0.5 mi. below Booger Canyon 
(Between Horse Camp and Booger) 
At Horse.Camp Canyon 

Below Virgus Canyon 

At Hell's Half Acre Canyon 
At Wagner Ranch 

At Wood's Ranch 

At J. White Ranch 

Below J. White Ranch 


At Highway 77 
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Table V-2. Sampling sites on tributaries of Aravaipa Creek, Arizona (See also 
Fig. V-1); samples 50-100 m upstream from mouth unless otherwise indicated. 


Ee 


Site No. Elevation (m) Description 
sre ein ee neal ett Cee eR A Di a Se aL See 
im 976.9 Turkey Creek, Midway 
T2 961.6 Bear Canyon 
ik 937.3 Turkey Creek (ae mouth) 
T4 914.4 Hell Hole Canyon 
T5 B99 Paisano Canyon (400 m upstream) 
T6 883.9 Horse Camp Canyon 
TT? 868.7 Virgus Canyon 
T8 829.1 Hell's Half Acre Canyon 


T9 7010 Unnamed tributary 
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were analyzed by standard, flame-atomization techniques (Perkin-Elmer 1973). 
Minor elements, cadmium (cdma) chromium (Cramay" copper cies iron (Peay 
lead (Pb**), manganese (Mn*), and zinc (7ne ye were determined by flameless, 
atomic-absorption spectrophotometry utilizing an HGA-2000 Graphite Furnace. 
To compensate for potential background absorption and matrix interferences in 
the furnace, a deuterium background corrector and method of additions were 
employed. Dissolved mercury (Hg) concentrations were determined with a 
Coleman Model MAS-50 Mercury Analyzer System which is based on the Hatch and 
Ott (1968) procedure. 

Correlation analyses were performed using Spearman Rank-Order Correlation 
within SPSS (Statistical Package for the Social Sciences; Nie Chega Hey iy 
Significant correlations were only those with first order partial correlation 
coefficients, significant at the 0.05 probability level (two-tailed), when 
controlling for any single variable. For example, correlation between Na* 
concentration and elevation was considered significant because the partial 
correlation coefficient for Na’ and elevation was significant when holding 
each of the other variables constant. 

Interrelated groups of variables were those which significantly corre- 
lated with each other. Additionally, holding variables in the groups constant 
yielded non-significant partial correlations between other variables in the 
groups and those outside of the groups, while simple correlation coefficients 
between variables were significant. For example, elevation, Na" concentra- 
tion, and Mn concentration were interrelated. When Mn” was held constant, 
most of partial correlations between elevation (or Na”) and other variables 


were non-significant, whereas simple correlations were significant. 
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Some ReESUITS 


a. Major Cations - Ca** and Mg’ are the cationic components of water 
hardness that are derived from limestones, dolomites, and gypsum deposits. 
Waters of the American Southwest are generally high in these elements (Cole 
1963), but those of Aravaipa Creek and its tributaries (Tables V-3 - V-9) were 
not exceptionally so, and were far less concentrated for all major cations 
(these, plus Na” and K*) than are waters classed as below governmental 
Standard of quality (Table V-10). 

During periods of generally low discharge, when water was clear (all but 
June - August 1976 and January 1977 with reference to the present data; see 
Section IV for details), dissolved Ga in the mainstream resembled values for 
total Cau. (compare Figs. V-2 - V-3). In periods of higher discharge and 
turbidity, total Cam Significantly exceeded the dissolved fraction (Tables 
V-3 - V-4), 

A tendency for Ca” to decline slightly from up- to downstream in 
Aravaipa Creek (Fig. V-3), although not statistically significant within the 
present data, was likely due to precipitation of calcium carbonate (CaCO. ) at 
high pH produced jin part through photosynthetic stripping of half-bound 
carbon-dioxide (as HCO.) from the system (see Cole and Batchelder 1969). 

Tributaries tended to be lower in dissolved Ca‘’ than the mainstream, but 
were variable stream Yo Sear (Table V-9). One major exception was Turkey 
Creek (Table V-5), which averaged almost 60 mg/1 dissolved ca 

Values of dissolved and total Ca’ for tributaries were even more similar 
than those in the mainstream (Tables V-5 - V-9), except for Hell Hole Canyon 


(Table V-9), which was sampled during flood. In the last instance total Ca’~ 
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Table 


V-3. 


Element 


++ 
Ca 


Mgt* 


mg/1 
mg/1 
mg/1 
mg/1 
ug/] 
ug/] 
ug/] 
ug/| 
ug/] 
ug/] 
ug/1 
yo/) 


= not applicable because undetected quantities in some samples. 
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Dissolved chemical characteristics of Aravaipa Creek, Arizona. 
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° Table V-4. Total chemical characteristics of Aravaipa Creek, Arizona. 
aS ee i aa ec RR a a aan 
Element x SE MIN MAX N 
Ca**  mg/1 46.503 1.548 2722 65.0 34 
Mg mg/1 10.394 0.4822 8.0 25.0 34 
Na’ mg/1 30.444 4.316 16.0 170.0 34 
Ky mg/1 3.826 0.4017 Bs 15.0 34 
Cr’ ug/1 8.782 25173 1.0 58.0 34 
Cu” ug/1 9.874 1.603 2.9 42.3 34 
Cd” yg/1 1.084 0.2217 0.05 5.9 34 
Fe g/l 2,146.1 832.6 2000) 1) =277900.0 34 
Mn’ ig/1 150.65 70.44 Oye 0 paces 34 

a Pb yg/1 11.703 4.351 Le 146.0 34 

Zn*”  yg/1 124.909 68.768 6.6 2,380.0 34 
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Table V-5. Chemistry of Turkey Creek (13, elevation 937.3), Arizona. 
Element % SE MIN MAX N 


———— 
—_—_o— 


Dissolved concentrations 
++ 


Caé*  mg/1 59.475 6.033 42.0 68.0 4 
Mg. mg/1 15.525 0.366 14.5 16.1 4 
Na mg/1 30.65 0.85 29.0 33.0 4 
Ky mg/1 AGG 0.595 1.4 3.8 4 
Crum tug/t 2.775 0.69 1.8 4.8 4 
Cu ug/1 2.95 0.171 2.5 3.3 4 
Cd” yg/I 0.0375 nyal- 0 0.1 4 
Fe yg/] 34.35 3.767 26.0 44.0 4 
Mn’ yg/1 191.85 73.78 31.4 389.0 4 
Hg 9/1 0.85 0.75 0.1 1.6 2 
Pb’ yg/1 0.825 0.225 0.3 1.4 4 
Zn g/1 20.55 5.5 7.3 33.8 4 
Total Concentrations 

Ca’ mg/1 59.875 5.64 44.0 70.0 4 
Mg’ mg/1 15.45 0.585 14.0 16.8 4 
Na’ mg/1 31.05 1.225 28.0 34.0 4 
Ks mg/1 2.725 0.439 1.8 557 4 
Cr? ug /I 7.35 3.559 1.5 17.0 4 
Cu’ g/1 5.075 ee ia ee 4 
Cd ug/l 0.62 ere: 0 2.1 4 
Fe ug/] 157.5 37.94 100.0 260.0 4 
Mn ug/1 379.75 93.8 190.0 630.0 4 
Pb” ug/1 6.475 2.19 er 10.9 4 
In ug/I 67.0 37.18 19.0 176.0 4 


ates cet mere Aled el Lc al i Rt ea 
Oia ectaaitae el a ae... 
oa = not applicable because of undetected quantities in some samples. 
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Table V-6. Chemistry of Horse Camp Canyon (T6, elevation 883.9 m), Arizona. 
a a a Se aa aS gen nn 
Element a SE MIN MAX N 


eee 
a ee 


Dissolved concentrations 


Ca**  mg/1 22.0 2.646 18.0 27.0 3 
Mg” mg/1 4.067 0.348 3.5 i 3 
Na+ _mg/1 33.73 6.293 one 41.0 3 
Ky so mg/ 3.8 0.666 2.5 4.7 3 
Cr ug/1 2.067 0.393 1.8 2.6 3 
Cu ug/1 4.0 1.415 1.6 6.5 3 
Cd yg/ eae reat 0 0.3 3 
Fe yg/1 177.0 95.8 32.0 358.0 3 
Mn ug/1 16.33 14,33 MS 45.0 3 
Hg ug/1 0.46 . ; : 1 
Pb ug/1 0.93 0.219 0.5 1? 3 
Zn yg/I 51.5 29,22 7.9 107.0 3 


Total concentration 


Ca’ mg/1 22.53 27272 19.0 28.0 3 
Mg mg/1 4.33 0.203 4.0 47 3 
Na mg/1 90.2 61.11 20.9 212.0 3 
Ky mg/1 3.83 0.467 2.9 4.3 3 
Cr’ yg/I 5.13 0.780 3.8 6.5 3 
Cu’ ug/I 9.8 2.403 5.0 12.4 3 
Cd” 9/1 0.393 0.0636 0.28 0.5 3 
Fe" yg/1 760.0 595.8 110.0 1,950.0 3 
Mn g/1 126.7 62.83 23.0 240.0 3 
Pb g/T a 4.604 2.4 16.9 3 
Zn” yg/1 35.6 11.285 12.0 48.0 3 


SS Taare a ee 
a, 


nea. = not applicable because of undetected quantities in some samples. 
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Table V-7. Chemistry of Virgus Canyon (T7, elevation 883.9m), Arizona. 
SSS aS . —————————————E—————— 
Element x SE MIN MAX N 


—_—_—_——_:§::0: an 
—_—_—_ ee eee; ere a 


Dissolved concentrations 
++ 


Catt mg/I 26.0 25.0 270 2 
Mg mg/1 9.55 : 8.6 10.5 2 
Na _mg/1 12.45 i 8.9 16.0 2 
Ky mg/1 3.3 S ano 3.4 2 
Cr” yg/1 4.95 : 3.0 6.9 2 
Cu’ yg/1 2.8 : ane 3.4 2 
Cd yg/I 0.325 : 0.05 0.6 2 
Fe ug/I 32.5 E 32.0 33.0 2 
Mn yg/1 18.0 f 15.6 20.4 2 
Hg g/1 207 4 : : 1 
Pb yg/1 1.55 x 1.4 7 2 
Zn” yg/1 64.1 : 4.2 124.0 2 
Total concentrations 

Ca’ mg/1 32.3 7.006 28.0 46.0 3 
Mg mg/1 Ves 1.705 8.3 14.2 3 
Na mg/1 14.33 2.603 10.0 19.0 3 
Ki mast 4.67 mer ans as 3 
Gham Gy) 3.25 0.1893 2.95 3.6 3 
Cus yg/1 5.77 1.774 2.5 8.6 3 
Cd yg/I 0.707 0.4539 0.12 1.6 3 
Fe g/1 303.0 205.9 10.0 700.0 3 
Mn yg/1 174.4 157.8 16.2 490.0 3 
Ph ug/I ney 0.6960 2.0 4.4 3 
Zn g/1 90.5 75.21 1.5 240.0 3 
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Table V-8. Chemistry of unnamed tributary (T9, 701.6 m) of Aravaipa Creek, 
Arizona. 


ee eee ener ee ee ree eee ge en eS ee See 
Element Se MIN MAX N 

eee ee ee a A eG Og 
SEE SEES EESTI a Rca Sl 


Dissolved concentrations 


Ca** = mg/1 50.0 50.0 50.0 2 
Mg. mg/1 10.05 9.9 10.2 2 
Na’ mg/1 28.5 24.0 33.0 2 
kK mg/1 5.2 5.1 5.3 2 
Cr yig/1 3.1 2.8 3.4 2 
Cu’ yig/1 2.15 1? cal 2 
Cd*  yig/1 0.235 0 0.47 2 
Fe yig/1 31.25 12.5 50.0 2 
Mn yg/1 3.325 3.25 3.4 2 
Hg yg 5.0 5.0 5.0 2 
Ph wig 0.35 0.3 0.4 2 
Lntes iG) | Lo,9 1520 16.8 2 
Total concentrations 
Ca’ mg/1 49.5 49.0 50.0 2 
Mg —mg/1 10.25 10.2 10.3 2 
Nas mg/1 28.0 28.0 28.0 2 
K" mg/1 5.7 4.3 5.1 2 
cre? ug/I 4.0 3.5 4.5 2 
Cu’ yg /1 10.5 9.2 11.8 2 
Cd” yg /1 0.025 0 0.05 2 
Fe —ya/1 1,440.0 1,050.0 1,750.0 2 
Mn’ ig /1 51.0 51.0 51.0 2 
Ph” g/ 5.5 a7 6.3 2 
Zn yg/1 51.1 ey 90.0 2 
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Table V-9. Chemistry of several tributaries of Aravaipa Creek, Arizona, based 
on single samples. 





1 


SITE Te ke T4 15 ‘ T8 
CkEV. 976.9 m 961.6 m 914.4 m 899.2 m 829.1 m 
MONTH Jan Oct Aug Jan Jan 








Dissolved concentrations 


Cay” mg/1 60.9 46.0 29.0 35.0 19.0 
Mg mg/1 16.1 8.7 Ode 11.2 3.9 
Na’ mg/1 30.6 19.0 9.0 28.8 9.8 
Ky mg/1 1.4 4.0 D3 2.9 2.8 
Cr’ ug/1 4.8 4.2 1.2 a7 2.6 
Cu ug/1 2.5 4.5 10.4 3.4 5.0 
Cd ug/1 0.05 0.18 0.3 0.16 0.2 
Fe yg/1 36.0 1,390.0 56.0 18.0 31.0 
Mn**  yg/1 192.0 5.9 2.2 2.2 2.0 
Hg yg/1 0.1 a : 1.58 0.7 
Pb yg/1 0.8 0.2 Weg 0.7 Ne 
Zn yg/1 Te 171.0 53.0 5.1 2.8 


Total concentration 


Ca” mg/1 60.5 49.0 108.0 34.6 20.5 
Mg’ mg/1 16.8 9.6 38.5 ee 4.0 
Na _mg/1 si 15.0 12.0 28.9 8.6 
Ky mg/1 1.8 4.0 10.2 3.6 aM 
Cre" yg/I 17.0 5.9 20.0 3.9 2.4 
Cu’ ug/1 6.5 5.5 1,810.0 3.0 8.0 
Cd” yg/I Pop 0.1 62.7 let 0.25 
Fe 9/1 170.0 5,050.0  54,000.0 130.0 100.0 
Mn ug/1 190.0 92.0  21,600.0 9.8 5.8 
Pb yg/1 9.4 5.4 5,500.0 1.5 2.0 
Zn” yg/1 20.0 a7 8,670.0 19.0 22.0 


l T2-Mid Turkey Creek; T2-mouth of Bear Canyon; T4-Hell Hole Canyon; 
T5-Paisano Canyon, 1/4 mi above mouth; T8-Hell's Half Acre. 
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Table V-10. Surface water criteria for public water supplies and maintenance of "healthy" aquatic en- 
vironments (by government agency). 
USHEW: US FWPCA: WHO: Inter- US EPA: US EPA: Quality US EPA: Quality Criteria 
Drinking Water national Water Criteria for for Water-freshwater 
Element Water Quality Standards, Quality Water-Domestic Aquatic Life 
Standards Criteria Drinking Water Criteria Supply 
(1962) (1968) (1971) (1972) (1976) (1976) 


eee ee 
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Cd 


catt 
Cr 


++ 
Cu 


++ 
Fe 


Pb 
Mg 
MN 


Hg 
Kt 


Na* 


++ 
Zn 


444 


+4 


+e 


+4 


Be 


10 g/l] 


50 yg/] 
1 mg/1 
300 wg/] 
90 pg/1 
90 yg/I 


5 mg/1 


10 yg/1 


50 yg/1 

1 mg/1 
300 pg/I 
50 pg/1 
90 yg/] 


5 mg/1 


10 ug/I 


200 mg/1 

1.5 mg/] 

1000 jig/1 
100 jig/1 

150 mg/1 

500 yg/1 

1 yg/1 


15 mg/1 


10 yg/1 


90 yg/] 
1 mg/1 
300 yg/1 
50 yg/1 
50 yg/1 
2 yg/] 


5 mg/1 


10 yg/I 


50 yg/I 
1 mg/1 
300 g/l 
90 yg/1 
50 yg/1 
2 pg/l 


5 mg/1 


Soft water/Hard water 


0.4 pg/] 1.2 pg/1 for cla- 
docerand salm. fish 

4.0 pg/1 12.0 wg/1 for less 
sensitive aquatic 
life 

100 yg/1 

0.1 of 96-hr LC-50 Valuel 

1.0 mg/1 


0.01 of 96-hr LO-50 Walue* 


0.05 jig/I 


0.01 of 96-hr LC-50 Values 


-_-__-- -saRke_ 
—_— OO 


: As determined through non-aerated bioassay using a sensitive aquatic resident species. 
Using the receiving or comparable water as a dilutent and soluble lead measurement (non-filtrable lead 


using a 0.45 m/m filter), for “sensitive” freshwater resident species. 


As determined through bioassay using a "sensitive" aquatic resident species. 
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exceeded the dissolved fraction by more than four times (29 VS smetuo mg] Ii 
respectively), reflecting large amounts carried as part of the sediment load. 
Concentrations of Mg** in Aravaipa Creek were lower and far less influenced by 
elevation and discharge than those of Ca’~ (Figs. V-4 - V-5; Table V-3 - V-4). 
Dissolved concentrations were between 7.3 and 11.2 mg/1 (mean 9.3), with 
totals only slightly higher (8-25 mg/1, mean 10.4 mg/1). Tributary waters 
were again more variable than the mainstream, ranging from 3.5 to 16.1 mg/1 
for the dissolved fraction. Dissolved and total Mg” were generally similar 
in tributaries, except in Hell Hole Canyon where they were 3.5 and 38.5 mg/l, 
respectively. Although Can and Mg” were positively correlated, the latter 
showed no obvious decline up- to downstream (Figs. V-4 - V-5). 

Na" is a far more soluble ion than the two just discussed, and dissolved 
and total concentrations were similar in almost all samples (Figs. V-6 - V-7, 
Tables V-3 - V-4). Both sets of data showed a significant, progressive, up- 
to downstream increase in the channel of Aravaipa Creek indicating dissolution 
and erosion of Na~ salts into the system or more likely contributions from 
saline springs along its course. One such spring was located on the north 
cliff face a few tens of meters above the inflow of Turkey Creek, but was not 
specifically analyzed. High TDS was indicated by conductance measurements and 
the over-loaded behavior of electrofishing equipment in the outflow area, and 
high Na” content was confirmed by taste of salt encrustations and seeping 
water, Evapotranspiration as a concentrating factor was generally ruled out 
Since other major cations showed no such pattern. 

A "spike" in concentration of total Na" in the mainstream in October 
(Fig. V-7) was unusual. Similarly high concentrations of other elements 


(Mg™”, Fe, Mn*~ , and on tended to negate possibilities for sample 
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Figure V-4. Dissolved Mg concentrations in Aravaipa Creek, Arizona. 
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Figure V-5, Total Mg concentrations in Aravaipa Creek, Arizona. 
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Figure V-6. 


Figure V-7. 
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contamination, and indicate an unexpected source of input to the system (see 
later). 

Dissolved Na+ in tributaries ranged above and below that in Aravaipa 
Creek (Tables V-5 - V-9), but total Na’ typically was more similar to that in 
the mainstream, even Hell Hole Canyon during flood. Horse Camp Canyon, how- 
ever, carried large amounts of total Na* during August runoff (Table V-6). 
The disparity between dissolved and total Na* on that date (41 vs. 212 mg/1) 
is difficult to explain, especially in light of the great and selective 
solubility of the ion in water with respect to other ions (Millott 1970), and 
may reflect sample contamination. 

Dissolved and total KT were similar in range in the mainstream and 
tributaries of the Aravaipa Creek system (Figs. V-8, V-9, Tables V-3 - V-9), 
and little difference was apparent between the two measurements. Dissolved K* 
behaved the same as Na’ in the channel, increasing significantly downflow 
(Fig. V-8), and was substantially lower in Aravaipa Creek in periods of higher 
discharge (January and August) than at lower water. Total K” also increased 
downstream, but showed no relationships to volume of discharge (Fig. V-9). An 
unusually high level of total a in October occurred at the site below Maroga 
Canyon in the mainstream. 

b. Trace Elements (Heavy Metals). - Trace elements, although dis- 
tributed in a wide variety of deposits, are obviously concentrated in ore 
bodies. Numerous mineral deposits in the Aravaipa Creek watershed consist of 
veins, replacements, and breccia-pipe formations (Simons 1964). Primary 
metals of the first two types of ores are Cis Pb, and Zn, Breccia-pipes 
are mostly Cu and molybdenum. Deposits are quartz-sulfide bodies along 


faults in volcanic strata (Simons 1964). The common sulfide minerals are 
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Figure V-8. Dissolved K* concentrations in Aravaipa Creek, Arizona. 
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Figure V-9, Total Kn concentrations in Aravaipa Creek, Arizona. 
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galena (PbS), calcopyrite (CuFeS,), pyrite (FeS,), and sphalerite (ZnS). 
Gaunge minerals are quarts (Si0., Or amethyst, specularite (Fe,0,), and 
flourite (CaF,). Natural exposures of such minerals may weather into surface 
waters, but concentrations that are deemed detrimental (Table V-10) most often 
come from mine seepage, tailings, or other man-created sources (see Appendix 
0 5 

Fe’ and Mn behave similarly in surface waters since both have solu- 
bility characteristics greatly influenced by pH and dissolved oxygen con- 
centrations. Dissolved poe in the mainstream ranged from 1.5 to 195 ug/1 


(Fig. V-10, Table V-3) while Mn” rarely exceeded 20 ug/l (Fig. V-12, Table 


. V-3). Tributary streams generally had similar amounts of dissolved Fe as 


the mainstream (Tables V-5 - V-9), with Horse Camp Canyon (Table V-6) ranging 
to 358 ug/l in August in association with high runoff from its watershed, and 
a single sample from Bear Canyon in October containing 1,390 ug/l] (Table V-9), 
under low flow conditions. Dissolved Mn in tributaries varied widely among 
different streams and sampling dates. Turkey Creek consistently had high Mn** 
values (range 31.4 to 389 yg/1, mean 191.8; Table V-5). Concentrations were 
greatest in August and January, coincident with higher discharges. Other 
tributaries had relatively low dissolved Mn*> (Tables V-6 - V-9), 

Total amounts of Fe and Mn in waters of the Aravaipa system were 
notably higher than dissolved values (Figs. V-11, V-13; Tables V-3 - V-9). 
Lowest analyses for both elements occurred in periods of minimal discharges 
and associated low turbidities. Maxima in the mainstream, 27,900 ywa/1 for 
Fe" and 2,392. po/l for Mn, was recorded in October. The relatively high 
means for each element in Aravaipa Creek (Table V-4) reflect high concen- 


trations in August floods, and in October under low flow conditions (Figs. 
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Figure V-10. Dissolved Bey concentrations in Aravaipa Creek, Arizona. 
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Figure V-11. Total Fe" concentrations in Aravaipa Creek, Arizona. 
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Figure V-12. 


Figure V-13. 
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Nelival=loi. mle) Fe’ in Aravaipa Creek also was combined into two groups 


of positively interrelated elements: Pyerotal pei kin Ca”, and Mg’; and 


y) total Four Cun. Mn’, and biti. Total Mn’, in the mainstream was posi- 


tively correlated with Fe, Cuno and Pb, individually as well as when 
grouped. 

Totals for these two elements ‘in tributaries also were highly variable, 
low during low discharges and high during spates. Maxima for paul were more 
than 1,000 ywg/1 in a number of tributaries, and greatest concentration was 
54,000 yg/1 in Hell Hole Canyon in August (Table V-6 - V-9). The last value 
was accompanied by 21,600 ug/] Mn, the highest recorded in the study (Table 
V-9)., Jotal Mn** in tributaries otherwise did not exceed 630 ug/l. 

Distribution of concentrations of dissolved Cu in the mainstream of 
Aravaipa Creek showed little or no relationships to elevation or discharge. 
Dissolved Cun ranged between 1.3 and 12.5 ug/1 (Table V-3, Fig. V-14), and 
was not statistically correlated with any other element analyzed. 

Dissolved Zn" (Fig. V-16) was highly variable, ranging from 1.3 to 134 
ug/l. This is typical because of a high potential for Zn’ contamination of 
samples, its difficulty to be quantified at ug/l] levels, as well as its wide 
natural availability. 

There was little variability in analyses for Pb, with a range of 
undetected to only 6.5 ug/l (Table V-3, Fig. =i)... Dissolved Pb” was, 
however, usually highest immediately downstream from Hel] Hole Canyon. 

Total concentrations of all three of these metals in Aravaipa Creek was 
far higher than the dissolved fractions (Tables V-4, Figs. V-15, V-17 and 


V-19). Correlations for total Cig were positive with total Mn, and in a 


, and Bowe Total in. did not correlate with any other 


group with Fe). Mn 
































Cie : os, : 
quot e ows ont ‘ponies | 02 te send, 
icant 


: “4 : wale 
bie. i pm bas ae a *o7 toto AE “nitans : 


pie as ® i. ene 2 
-f20q 26W masrs2ntee at? nm? ; * toa a “ et ™ ‘ eli 2 
i a : or en 
notw 26 [law 26 ylfeuniv? bat , "a4 baa ot) : ain ” Bt 0: 
re) orate : ar ae My! 
: : mie if me fear 
caldera yfapth sew Gets 2ohisqudiad ap einamals ons sat i) oi stoT 
' — (oe / -_ 
yi0m Ss .6w 9 o% smixeM ,2a7eqe onfaud dpa brs eaqraiete 4 sai qt 


S| 
iotde4snsa002 Jagsegxp ons ,2aTyesudtiy 79 r9deuyn * mF When 0005 
pane mis 
iv desl orll (o.¥ = a-¥ shdeT) teupwA nt noyned stor (rs8 a ‘ sect ‘4 
a phic Wig: a - 


re 
4 


‘'¢ont bebicoon Taetola add , an Nok goa, ts we Opn be 


ra 





ae 
0fe we Son bb sziwienso setuding at. or ‘et Ri 

masizentan saty A oS bavidezth to enorsevtasanas v9 notgud ingetO a 
D632 aT tisvelo of aqindemotgafet an vo ef Fhh; bowontt 49079 ‘sah ever 
i«V¥ ,oF ( sleet) f\eu 8) bas ©.7 mee ataias begs io, cc bev }O ome 


yl ene sie eto ye (iw betsle 105 ladiiaik ws 


foo f.1 mov? petonss .sfdstvey Vineld man (31-4 es) ae “nS, bakitiias ‘ae 
nottentmetnod AS wo? felsesseq dott & Yo: 925300 rentays et on eu 
's_,,2favel "\ou 36 bertraqeup od 62 TUS TN Et: wie 
| 31a ra . - Ww son 
e ST rdutaey ofan ‘te tt 


—- cer 


von Ta? pewhoeetd .(6T-¥ aera gG-¥ tga ftp 8.8 fn: ee 


me ithw . GS “Ot 2eeuTene! af 


nouns? ofo¥ [fet most meni anwod xinan rope somal vt 


een ter) sqteverk. nh eletemmerens to setts Ae 36 anottssine mas Sey 7 
A 7 ; 
. 


one NI. eb La¥ gts ePoV #1 deT) “ano ae ig + 37 von 4 
tie! 


p lane | oan | Bi) 


Boot bos,” iM legos: Aptw evtateaa samy 





a 

, oo be . 
7 24 

ey Bs 


\srito. vine Atte 92819990) ton bib was itt ete 


Figure V-14, 


Figure V-15, 


3] 


ARAVAIPA CREEK ™ AUG 1976 
© @CT 1976 
© NOV 1976 
a JAN 1977 





00.00 220.00 240.00 260.00 280.00 300.00 320.00. 340.00 
T) 


ELEVATION (F «10! 


/ ee : : ' , 
Dissolved Cu concentrations in Aravaipa Creek, Arizona. 


ARAVAIPA CREEK ™ AUG 1976 
© act 1976 
e Nev 1976 
« JAN 1977 








40.00 


32.00 


TOTAL CU (PPB) 
24.00 


16.00 


6.00 








%00.00 220.00 240.00 260.00 280.00 300.00 320.00 340.00 
ELEVATIGN (FT) «10! 


oieste ' A , : 
Total Cu’ concentrations in Aravaipa Creek, Arizona. 









eS a 


pe ‘Wie i} mana 
Te; THe - hg 
et Tw « ™ "7 
rer ah. s : 


— > duet. tile dent Sted te on 7 an 0 

a r 7 

“ en ee A 
: , ‘v., ite. a awe 1 NE Va 4 
rt) WOT TRVS23 i) Se ° 


Ow eh ee 


r, al : ++ 4 } i 7 e 7 7 
A ga eQrove’y ; @norte i IAs ine vw) peviozett Ad<¥ “4 
o). & 


+ 


as Gon» See ee 


\ 
‘ 
f \ ts i 
i : 
: ive f \ 25 
\ i 4 
f Fr \ i} 
if r \ : 
é , one. / a b b 
. j ao al “?> ¥ 
ant] main F seem te 7 
- ’ } ieee | a 
" <a. eagle er 4 r 
- J s 
a ee na iad a 
a 


i. OMe 08. ane o.o05  Sc.coh Bo-Bhe~ OOsa v Cae 
Oi- ! SitAval >> 7,8 § 





Figure V-16. 


Figure V-17. 
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Figure V-19. 
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parameter measured. Significant correlations of total Pb were negative with 
discharge, positive with Mn*~, and positive and interrelationships with Cilio 
Fei, and Mn’. Total Cu’ in Aravaipa Creek ranged from 2.9 to 42.3 ug/1 
(Table V-4) and was highest in October with a maximum of 2,380 ug/l near the 
mouth of Maroga Canyon. The pattern of total Pb? boneenendd tons (Fig. V-19) 
were similar to those of Zn He, and the maximum in October (and for the study) 
was 146 yug/1. 

Both dissolved and total concentrations of Cue” in tributary streams 
tended to be similar to those in the mainstream (Tables V-5, V-9), with the 
exception of Hell Hole Canyon. That stream carried 10.4 yg/1 dissolved and 
1810 yg/1 total Guin in August (Table V-9), indicating a large quantity of 
Cu bound on particles carried from that watershed during surface runoff. 

Total Zn concentrations in tributaries were far more variable than 
dissolved values (Tables V-5 - V-9). Minima and values for single samples at 
four sites excluding Hell Hole Canyon were generally less than 15 ug/1, and 
maxima were 16.8 to 124 yg/I. Data for Horse Camp and Bear canyons are 
excluded because dissolved fractions analytically exceeded totals, signifying 
contamination of samples or some other analytic problem. Minima for total 
ae ranged from 1.5 to 19 wg/1, and maxima 48 to 240 wg/1 in Turkey Creek, 
Horse Camp, and Virgus canyons, and the unnamed canyon (Table V-5 - V-8), and 
from 20 to 8,670 wa/1 in those canyons or sites sampled only once (Table V-9). 
The highest value was again in Hell Hole Canyon in August. 

Most analyses for dissolved Ph” in tributaries indicated means of less 
than 1.0 ug/l, with exceptions of Virgus and Hell Hole canyons. Total Pb’ 


followed a pattern identical to that of total Ines averaging less than 10 
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ug/1 in all but Hell Hole Canyon, where 5,500 ug/l was recorded (Tables V-5 - 
V-9). 

Values for dissolved Cr*~ ranged from 1.3 to 5.8 wg/1l in Aravaipa Creek 
(mean 2.9 ug/l; Table V-3), and from 1.2 to 6.9 in tributaries (Tables V-5 - 
V-9). In the mainstream it correlated positively with elevation and discharge 
(Fig. V-20), and also with Mg” and Cd’. Total Cr’ in Aravaipa Creek was 
from 1.0 to 58 wg/l (average 8.8), with highest concentrations in the upper 
reaches (Fig. V-21), corresponding with high values in Turkey Creek (Table 
V-5). Total Cr in Hell Hole Canyon during flood (20 ug/l) scarcely 
exceeded maxima values of 17 ywg/l for Turkey Creek during normal and low 
discharges (Tables V-5, V-9). 

cca concentrations ranged from undetected to 0.4 yg/1 in the dissolved 
state in Aravaipa Creek (Table V-3, Fig. V-22) and did not exceed 1.0 pg/1 in 
tributaries (Tables V-5 - V-9). Total cd** averaged 1.1 yg/l in the main- 
stream (Table V-4, Fig. V-23) and ranged to only 62.7 ug/] in Hell Hole Canyon 
during flood; most total values in tributaries were far less than 1.0 ug/I. 

Levels of dissolved Hg were similarly low in the mainstream of Aravaipa 
Creek typically ( < 0.4 ug/l; Fig. V-24), with the exception of a November 
sample of the mouth of Maroga Canyon that contained 75 ug/l (Table V-3). 
However, some samples from Turkey Creek and Virgus, unnamed, and Parsons 
canyons contained more than 1.0 ug/l (Tables V-5 - V-9). No determinations 
were made for total Hg concentrations, and too few samples of dissolved Hg 


were run for statistical treatment. 
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Dissolved Cr concentrations in Aravaipa Creek, Arizona. 
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Figure V-22. Dissolved dar concentrations in Aravaipa Creek, Arizona. 
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4. Summary and Discussion 


Desert streams, with highly variable conditions of flow, pose significant 
problems in obtaining adequate samples over short periods of time. Sampling 
on Aravaipa Creek was sufficient for general assessment of the elements moni- 
tored, except for Hote: Because of observed variability and fewer analyses 
performed (due to instrument problems and the fact that samples for Hg 
determinations cannot be stored for long) additional data on that element 
would be desirable. Sampling of most tributaries was not adequate for 
specific chemical assessment, largely due to their ephemeral nature. Their 
impact on Aravaipa Creek was, however, apparent from more detailed data on 
that stream. 

Dissolved concentrations of major cations and order of their abundance in 
Aravaipa Creek were rather typical of Sonoran Desert streams. Caan was the 
most abundant cation, followed in order of decreasing values by Na’, Mg’, and 
Kp Additional analyses provided by G. A. Cole, Arizona State University, 
indicate major anions to be ranked as follows (mixed samples from mainstream 
stations, autumn 1976): HCO, —229.2 mg/1, CO. —112.8, SO, —27.6, and 
Cl —7.5 mg/l. Water of the stream may therefore be classified as a dilute 


Ca(HCO water, with relatively great amounts of Na’, 


3)2 

Total cation concentrations in Aravaipa Creek were slightly higher than 
dissolved levels (usually less than 10%) during periods of low discharge, but 
showed far greater maximum concentrations when elevated by jons associated 
with suspended sediments during spates. 


On the basis of milliequivalent values of the three dominant cations, 


water of Aravaipa Creek and all tributaries studied excepting Horse Camp 


Canyon, grouped generally together. For these eight streams, Cat+ averaged 
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Percentage distribution of major cations in waters of Aravaipa 
Creek and its tributaries, Arizona, based upon milliequivalents. 
Abbreviations: AC = Aravaipa Creek, HCC = Horse Camp Canyon, 
HHC = Hell Hole Canyon, BC = Booger Canyon, PC = Paisano Canyon, 
TC = Turkey Creek, UC = unnamed canyon, and VC = Virgus Canyon. 
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53% (44 to 61%), Na’ 27% (21 to 36%), and Mg 20% (14 to 30%). Horse Camp 


++ 37% Mg**, and only 12% Na* 


Canyon had water that averaged about 51% Ca 
(Fig,MeV-25). Significant differences among tributaries were, however, 
apparent in their overall dissolved major cations, which ranged from 35.5 mg/1 
in Hell's Half adhe Canyon to an average of 108.5 mg/l in Turkey Creek. 
Ca**/Mg™* and Na’ /K" ratios also pointed out this diversity (computed from 
milliequivalents). The former ranged from 117 in Virgus Canyon to 5.0 in Hell 
Hole Canyon, and the latter from 6.0 in Hell's Half Acre to 19.1 in Horse Camp 
Canyon. The average ratios in Aravaipa Creek were 2.9 and 12.8, respectively. 
Total concentrations of major cations were generally only slightly higher than 
dissolved values in all but Hell Hole Canyon where total values of Ca and K 
were ca. 10 times higher than dissolved levels during flood. 

Microchemical studies of heavy metals were performed to evaluate poten- 
tial inputs of unacceptable amounts of those materials from former mine works 
(Appendix C) and to provide a baseline for future monitoring. With the 
exception of Hg’, no element studied in the mainstream of Aravaipa Creek 
exceeded national or international water standards (Table V-10). eat? 
approached the maximum recommended concentrations for “sensitive” species of 
freshwater organisms. 

Dissolved metals in tributaries for the most part also met recommended 
water standards; chign, cura cate) and Ph were generally low and relatively 
stable in space and time. Mn, Fenuy and Thien however, were highly vari- 
able. Turkey Creek had Mn*~ that regularly exceeded SERERRE for domestic 
water supplies. The single sample from Bear Canyon had rei that exceeded 


criteria both for aquatic life and domestic supplies, and water in Horse Camp 


Canyon exceeded the former standard in August. The unnamed tributary exceeded 
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recommended standards for Hg * in domestic water supplies, and all tributaries 
sampled had more Hg" than is recommended for aquatic organisms and for wild- 
life use. 

Surface waters from tributary streams rarely had discernible effects on 
discharge of the mainstream of Aravaipa Creek. Most discharge of smaller 
canyons into Aravaipa Creek, except during flood, was subterranean through 
coarse sand/gravel/boulder substrates of their floods (see Section IV). Even 
smaller flash floods often infiltrated porous beds of washes and canyons 
before reaching channels of perennial streams (Cooperrider and Sykes 1938, 
Bruns and Minckley 1980). Substantial inputs of materials, usually finely- 
divided particulates and dissolved ones, may therefore happen without much 
surficial evidence, and must have occurred through Maroga Canyon into Aravaipa 
Creek in October 1976. A major convective storm was above the upper part of 
that canyon in mid-afternoon on the sampling date, and minor surface discharge 
was noted as was entry to the mainstream of gray-colored, milky water, dis- 
charging through deep gravels of Maroga Canyon's alluvial fan. Water upstream 
in Aravaipa Creek was clear, and samples taken farther downstream were collec- 
ted prior to arrival of the input, thus “spikes" in concentration of a large 
number of dissolved and total analyses of various elements were recorded. 

It is also possible that reducing conditions within sediments of washes 
may allow dissolution of materials that otherwise would have remained un- 
available, further explaining the presence of locally high levels of some such 
materials. 

Dissolved concentrations of heavy metals in Aravaipa Creek, compared with 
those in other streams of Arizona that are known to receive mine waste (e.g. 


Lyn and Mineral creeks), are quite low. The last two streams have from 100 
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sve Zn, and Mn’ than Aravaipa Creek (Follet and 


to 1,000 times more Fe’*, Cu 
Wilson 1969, Rathbun 1975, 1975). Both streams, however, are in far closer 
proximity to mines than is Aravaipa Creek. 

Concentrations of metals in Aravaipa Creek were furthermore more similar 
to control sites in two studies in Colorado (Wentz 1974, LaBounty et al. 
1975), than they were to areas receiving inflow from mines. Waters receiving 


: : , : : : ++ ++ 
mine drainage in Colorado contained maximum concentrations of Cd, Cu, 


Pb, Feb Mn, and Ze again 100 to 1,000 times greater than in Aravaipa 
Creek. Gri was not detected in the Colorado studies, but was present in the 
Aravaipa. 

It should again be noted that most heavy metals are required in miniscule 
amounts for life processes of organisms, and also brought out that standards 
proposed for “healthy" water supplies (Table V-10) may not universally apply. 
For example, threshold concentrations of lethality for some fishes of dis- 
solved Felg: is as low as 200 mg/1, and maximum recommended levels for Fee is 
as low as 200 mg/1, and maximum recommended levels for Fear in drinking water 
is 300 ug/] or 10.0 mg/1 (US EPA 1973 and WHO 1971, respectively). Precipi- 
tation of rome compounds also may cause consolidation of stream bottoms and 
eliminate benthic invertebrates and oxygenated interstices required by some 
fishes for incubation of ova. Permissible limits for Cu” in water supplies 
is 1.0 mg/l (Table V-10), yet Lewis (1977) demonstrated the LC-50 (50% 
mortality of test animals) for Cua was 880 ug/] for longfin dace. A mixture 
of 210 ug/] énal and 280 ug/1 In was adequate to kill 50% of test fish in an 
allotted time, demonstrating the synergistic effects of some metals. 

Aquatic plants also may be influenced by low concentrations of heavy 


metals. Algal photosynthesis has been reduced under experimental conditions 
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by dissolved Cu”” concentrations between 1.0 and 300 ug/l, and 10 yg/1 Za 
(Clendenning and North 1960, Steeman-Nielsen and Wium-Anderson 1971, Rabe et 
al. (9738 , Sand NO.-N fixation by algae was reduced by 5 to 10 ug/! cual (Horne 
and Goldman 1974). Photosynthesis and carbon assimilation by algae also have 
been reduced by ZnS concentrations between 100 ug/l and 1.0 mg/1 (Wissmar 
1975, Goldman 1964). 

Low maximum permissible levels of Hg” (Table V-10) are because the 
element in its free state or as cinnibar (HgS) can be absorbed through skin 
and through gastrointestinal or respiratory tacts (USGS 1976). Fishes can 
live with no obvious adverse effects at levels of dissolved Hg’ far greater 
than those recommended (McKim et al. 1976), but concentrate the element 
through food chains from 3,000 to 10,000 times levels in water (Hannerz 1968), 
and therefore present problems at higher trophic levels, including man. dae 
also is known to accumulate in vertebrates. Particulate materials that 
include Hg’, cde and other heavy metals are ingested by filter-feeding 
organisms, thus accumulation sequences may be enhanced where total concen- 
trations include a significant undissolved fraction. 

Mean concentrations of total metals in Aravaipa Creek were in all 
instances substantially higher than dissolved levels (to 50 fold). Highest 
particle-bound loads were obviously associated with turbidity during floods, 
and may be attributable to mine seepage and exposed mine wastes in the 
watershed (Appendix C). Tributaries, with notable exceptions, were less 
extreme in total metals than the mainstream. However, this may be an artifact 
in part due to more comprehensive sampling of the channel. The major excep- 


tion was Hell Hole Canyon, where total concentrations for Crores Cae, Cdn 
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Fe’. Mn**, yee and ae were from 20 to more than 10,000 times dissolved 


levels during high discharge. 

The significance of particle-associated heavy metals in natural waters 
has not been adequately assessed in the literature. Presence of elevated 
concentrations almost certainly indicates luxury concentration through local 
food webs into higher organisms. Sediment-bound elements are generally 
considered unavailable to plants, except under conditions of low pH and low 
dissolved oxygen where the ions may be released. This is unlikely in the 
Aravaipa Creek system, with relatively high pH and oxygen levels (Section 
V-B), but may occur within deeper sediments (see above). Diversity in the 
biota of Aravaipa Creek and its tributaries suggests that the potential 
influences of high particle-bound metal concentrations are not yet dis- 


cernible. 


B. Macrochemistry 


1. Introduction and Methodology 


Long-term (generally 24 hours or longer) studies of selected chemical 
features of Aravaipa Creek included analyses of dissolved oxygen concen- 
trations, hydrogen ion levels (pH), conductance, and the macronutrients 
phosphate-phosphorus (PO,-P) and nitrate-nitrogen (NO,-N). Variations in 
these parameters were thus defined on a diel, seasonal, and annual basis, and 
at differing levels of discharge. The first three were determined electro- 
metrically through use of a Hydrolab-11, Surveyor®, and macronutrients were 


analyzed colorimetrically with a Bausch and Lomb Mini-spectrometer®. Results 


were reproducible with both devices at approximately 95% levels of accuracy. 







; A - ~ . 
= | ‘ 7 7 = 
¢-) Pa aks 


tee 


Ds 































Sviowelb sambe: po0,04 rok vam a 08. 7 


ri 
‘Ye ie -. i 
es 


iL, ried 
»aiew inwisn of 2fetee yveed beet smatatig 0 msg! alr 2 


Z ‘ oes 

veTa oO sonseent se eeT EE vent ae vezesaee uta feupsbe od. fon 4 

ey , ee: ; a cet : 
Or NGVGIND NOlIst2nSIndD ¥ ww! 2edeatba} vint 58) Frome are qi 


” 4 wean : 
if «6©fthemele)|6bnwodeSnpmbhe? -202 Ineo Teng id. vant at 


oritbaos: 190nu Pesan chine 0 alist tau a 


. 


< 


vient BE ata _coaseley ad yar anol ots * ate nao. be 
: gh)" 
¢ i . » 


‘eto on » bos Nq moth yievitetiey Wire snateye tonsa mt 
a 


— 
i Ae - 
Au 
b 


4 : ; - : 

( 62) 2twemtbee taqneb avdti WI3H) on th hide 
4 ‘ 4 « # “ } a | y Yo wai wer ; 
ston. 91 7 teoppyt astesdudtnd edb be seend aay ngn! 


ay , 


} 1 #16 anohis Pie stom bnusd-efatiieg A etd to esonay Ys 


é 
1 
" i 
<—- oar - 
bul te b RST OM ou) § 3 ‘"- : 
ae = ie 
- 4 j 
i A oi 7 - 
: ' ; 
4 en = - 
wre ~ eh bob r ; ® Q ° ; , | - : 
sborits! not toubpowel <f , 
ows —— 9 a ea Ey: ee gre ap mya ag ‘i 


y Ls 5 , 7 Fi : 


9i92. to petbute (sapael 90 eneor bs afte ssi) wnsianed - ys 
105 yO heviozetp Yo eseghans Babylon) deaad ate 4 c “a 
tiunorsem ofF bos ,sunsdoebag9, (ia) efavel he r nator pe 
ior satos¥ |. Ci 0M) napordhineserain baa (4 09) _eroton- 


- 
,e'2 Guns Od , fENnoesse , ts? th 70 | Rear ine 2ury s19* Port ‘ oy = 
; : wit : 
Jose's benrais7sh svaw sein? ut ony sb vadze ti To love 
Paes hd 


tow Binetitungysam bas , Cebeavras Atadatorigt » + Vg ecu cova t 
luesh .S ademoytosqe-tain eno J one do2use nore vi laa i 


-Yosaa Yo aleve! ree <Tatamt nora: ts as 


96 


2. Dissolved Oxygen 


Solubility of oxygen is considerably greater in cold than in warm water. 
Tne gas enters aqueous solutions by diffusion from air and through photo- 
synthetic activities of algae and other plants, and when saturation is 
exceeded, diffusion gradients are reversed, especially in shallow, turbulent 
streams, and oxygen leaves the system. Oxygen removal from water is effected 
by respiration of the biota. 

In Aravaipa Creek, levels of dissolved oxygen varied inversely to 
seasonal water temperatures, and in periods of high productivity varied 
positively with daytime light (Fig. V-26). Periods of low productivity, as 
after seasonal flooding and scour in winter and late summer, are indicated in 
tne figure when nighttime oxygen concentrations exceeded those recorded in 
daylight hours. 

In late winter and spring, prior to onset of summer flooding, daytime 
oxygen levels were significantly higher than those recorded at night. Photo- 
synthetic activity of profuse stands of algae and diatoms produced oxygen 
supersaturations on many dates, despite turbulence in the system. Community 
respiration at night likewise lowered oxygen levels to substantially below 
Saturation on occasion, although never to a level critical to the stream 
biota. Lowest levels of dissolved oxygen were recorded over a single 24-hour 
period in the upper segment and in the front wave of a flash flood on lower 
Aravaipa Creek. 

Low oxygen in upper Aravaipa Creek in August 1977 was recorded five days 
after a flash flood. Algal populations prior to the spate were relatively 
nigh, but were deteriorating after a period of biomass accumulation and high 


productivity. The flood displaced algal mats to sides of the channel, buried 
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Figure V-26. 





> OINGD TF MAM JSFA STON D 
76 77 78 








AsS ON DoJ FeM AM. Je IgAS SeOsNe Dal 
76 hess 78 


Dissolved oxygen concentrations on various sampling dates at up- and downstream stations on 
Aravaipa Creek, Graham and Pinal counties, Arizona, 1976-78: Vertical bars indicate ranges 
over a 24-hour period; open circles are means for daylight hours; and dots are for means at 
night. 
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Figure V-27. 
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Selected chemical conditions before, during and after a flash 
flood in Aravaipa Creek, Pinal County, Arizona, August 1977: 
dots = conductance; open circles = dissolved oxygen; and 


half-darkened circles = pH. For data on temperature see Figure 
IV-14, 
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some of them in sand, and caused accumulation of algal masses as large as 5.0 
mé behind obstructions. Photosynthetic activity was therefore minimal, 
temperatures were high (Fig. IV-12, range 19.5 to 32. 04 C), and decomposition 
was at a maximum, all contributing to low oxygen values. 

Patterns of change of dissolved oxygen and other chemical features in the 
flash flood, on lower Aravaipa Creek also in August 1977, are depicted in 
Figure IV-27. The sudden depression of oxygen was unexpected, and is diffi- 
cult to explain. Vast amounts of organic material is mobilized by sheet flow 
during intense summer runoff from desert terrain, along with inorganic 
nutrients (Fisher and Minckley 1978, Grimm 1980). In addition, stream sedi- 
ments are deeply scoured, perhaps exposing reduced conditions and materials 
and incorporating them into surface discharge. Odors of decomposition, e.g. 
hydrogen sulfide and others, are intimately associated with abrupt flood waves 
in Desert streams (Forbes 1902). Yet volume of estimated discharge seems too 
great to be influenced by in situ respiration or by incorporation of de- 
oxygenated materials - discharge in the stream changed from an estimated 0.8 
m/s to near 30.0 Te in 17 minutes as the front wave passed. Further study 


of this phenomenon is obviously called for (see also Section VI-B). 
3. Conductance 


Specific conductance corrected to DbeG ranged between 158 and 510 
umhos/cm in Aravaipa Creek in the period 1976-78, with means for 24-hour 
studies generally falling between 430 and 460 umhos/cm (Fig. V-28). Since 
conductance is a reflection of total dissolved solids (TDS) in water, a 
general relationship exists between the two measurements despite variations 


resulting from different combinations of ions. For Aravaipa Creek, based upon 
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Figure V-28. Means (horizontal bar), ranges (vertical bar), and one standard 
error (rectangles) for conductance in Aravaipa Creek, Graham and 
Pinal counties, Arizona, 1976-1978. Numbers of samples range 
from 14 to 30 over 24- to 36-hour periods on each date 







A Ee A 


t= 
i... 











as io* 
. i | — Ty 
‘ ma . TT uy - 
ery Sh 
tbh meted 
| ae 
mM TtT 
| : 
: | 
it] 
: : 
| 
~4 
iy 
ia 
1 il J 
| 
} 
: 
ee ee NS ee ee eee enone . a 
" i 4 ~ A i j 1 A & -y (i r 
‘ —/ | LMA Moa G A 7m 
at TC C1 a aor es mere 
\ . y “a j ; Gg H LA 
Y ey | a 


: ’ a 
jioneze eno Gee , (40d Teals1av) zene «(ved Tagnastred)) 
bins money ,xee99 saleverwd al e2nst2uhind Yat (2nlpnestzex) 19 
sones eslemse to etedmuy 8521-808) jenastaA ,esignes ant? ie , 
eieb rose no eboiveg awonmde oF $,yeve, OE 0 "Ot ae a 
; ay ay Be 2 A She ere 


en) 


% 
> 


ix 






vile 
7, tal : f Ps 


101 





400 
Conductance 


Figure V-29. Relationship of conductance to stream discharge (means of each 
: on various sampling dates) in Aravaipa Creek, Graham and Pinal 
counties, Arizona: dots = above Aravaipa Canyon; open circles = 

downstream. 










2 svbnOD Yo. gi ianot Ja! as 
ar ey ors MI séaeh unt i gabe euolsy ao wis Ag 
r6évexA avots © etob +: anos tak (eotimies o« ) 

|| gitar Tenob oie 


i 
- i 
4 
! ea 
S 
r Ley 
. 
7) e 7 
re he 
> 7 _ 
1 ee 
4 p 
@ 7 > 
' "ae HY 
“t a e Ps Je 
' yk ahs 
1 a : Ky 


Ba 


ny 


7 at 


> * 
ee 


§ 


102 


5 samples analysed for both parameters, conductance X 1.68+0.08 = TDS (range 
1.53-1.74). 

Grand means for paired sampling periods up- and downstream were 447.8 and 
434.9 umhos/cm (TDS 752.3 and 730.6 mg/1), respectively, with the lower value 
downstream possibly reflecting precipitation of certain ions (see Fig. V-2) or 
more likely inputs from local rainfall and perhaps through base flow from more 
dilute tributary canyons (see Tables V-5 - V-7). Kubly and Cole (1979) demon- 
strated this same pattern, a decrease in TDS as a result of dilution from 
tributaries, in the Colorado River through Grand Canyon, Arizona. 

No annual, seasonal, or diurnal trends are evident in the data from 
Aravaipa Creek. Local dilution was apparent in periods of flood (see Fig. 
V-27), but within modal discharges there is only a weak tendency for lower 
conductance at the lowest levels of discharge. Correlation is so low, however 


(r = 0.27), that such a relationship may only be suggested (Fig. V-29). 


4, Hydrogen Ion Concentrations (pH) 


Spatial and temporal patterns emerge from data on hydrogen ion concen- 
tration (as pH) in Aravaipa Creek (Table V-11) - the lowermost reach was 
invariably higher in pH (more alkaline), and values were lower in summertime 
and at night than in winter and during daylight hours. 

Lower pH near the source of the stream may partially be explained by 
inflow of groundwater charged with carbon dioxide, and also by underflow in 
deep alluvium upstream from the canyon. Carbon dioxide in soils is derived 
from respiratory activities of bacteria, fungi, and other organisms, and when 
combined with water forms a weak solution of carbonic acid. Loss of carbon 


dioxide from the system through diffusion and photosynthesis by autotrophs 
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Table V-11. Frequency distribution of pH values on various sampling dates in Aravaipa Creek, Graham and 
Pinal counties, Arizona, 1976-78. Slashes (/) separate data from upper and lower parts of 
the stream. 


Dates Values 
74-775 YB HY YAR Ye J Yer el > | 822-8 (34854-8558 56-85-89 


Upper Aravaipa Creek Lower Aravaipa Creek 
November 1976 Day ~ - 4 6 ~ - 4 7 
Night - - 6 1 - 6 - - 
January 1977 Day - : 8 - - 5 12 6 
Night - 6 7 1 - 4 i 1 
February Day - 4 5 ~ - - No data - - 
Night - y 3 - - - No data - - 
March Day - 1 2 fe 5/1 Z 5 - 
Night 2 5 - - 4 1 1 - 
April Day - 1 9 1 / 1 Z 7 - 
Night ~ 7 1 i) 2 4 i - - 
June Day - - 6 4 / 1 2 7 - 
Night ~ i 1 y 1 2 - ~ - 
July Day - 1 5 5 / 2 8 - - 
Night - 7 Hah he Ss 1 ~ - 
August Day ~ - 3 8/5 6 - - - 
Night - 173 3/6 Ay | - 2 = = 
September Day - - - 4 4/1 9 - - 
Night - - - 8 1 / 6 - - 
October Day - ~ - - 6 “ ja | - 


Night 2 : : 7 : : 7 : 
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Table V-11. Concluded. 





Dates Values 
174-1905" 2 7.6-7. ie - 128-729 38.0-8.1 832-893 ~8:428.5@ 6°6-85/- =8-6-8.9 








Upper Aravaipa Creek Lower Aravaipa Creek 
December Day - - - 5 6 1/6 - - 
Night ~ - 1 5 6 / 6 - 1 
January 1978 Day - - No data - - 7 Z - - 
Night ~ - No data - - 10 - = - 
February Day ~ - 11 1 ~ - No data - - 
Night ~ - 7 - - - No data - - 


: Data from a flash-flood wave (Fig. V-28) on lower Aravaipa Creek were excluded. 
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results in an elevation of pH, and also may result in deposition of relatively 
insoluble salts such as calcium carbonate (see e.g. Fig V-2). 

Inflow or underflow also would tend to suppress variations, as noted for 
temperatures in upper Aravaipa Creek, and pH variation was in fact Jess on an 
annual basis at the upper stations (Table V-11). 

The tendency for decreased pH values throughout the system in summer may 
also be related to underflow. At low summer discharges, assuming a constant 
volume of water moving through pervious sediments of the stream bed, a larger 
proportion of total discharge might be beneath the surface of substrates at a 
given time and thus acquire and retain carbon dioxide from that source. Flood 
waters, generally excluded from Table V-11, tend to be less alkaline than 
those of the creek (Fig. V-27). 

Day- and nighttime differences in pH may be attributed to photosynthetic 
activities of the stream's algal flora. Carbon dioxide is taken up during 
this process, forcing pH values upward, while biotic respiration at night adds 
the gas to water to lower pH. The greatest disparities between night- and 
daytime values in both stream reaches correspond well with maximum differences 


observed in dissolved oxygen data (compare Table V-11 and Fig. V-26). 
5. Macronutrients 


Nitrogen and phosphorus dynamics in low-desert streams in Arizona were 
recently studied in detail by Grimm (1980). Nitrogen is rare in desert soils, 
and its passage through stream systems involves a complex series of events 
which, in some instances, may result in its further depletion and resulting 
nitrogen limitation of primary production. Phosphorus cycles are less 


complex. Both macronutrients are influenced by biologic and non-biologic 
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processes in stream waters, but phosphorus seems far more available from 
physical sources, such as adsorbed to sediments, and rarely becomes depleted. 
Nitrogen and phosphorus are presumably taken up by algae at ratios equivalent 
to their concentrations in cell contents (ca. 1:14 in Cladophora sp.; Wong and 
Clark 1976, Grimm 1980), so nitrogen would theoretically be limiting to algal 
production when the ratio is less than that value, and phosphorus would be so 
when the ratio exceeds 14. Other nitrogen sources, e.g. ammonium, are rela- 
tively rare in streams of southeastern Arizona (Grimm 1980), and PO,-P as 
orthophosphate is the form of that element directly available to plants. 

Data for Aravaipa Creek indicate a relatively constant concentration of 
PO,-P up- to downstream, before and after floods, and throughout the year 
(Fig. V-30, Table V-12). NO,-N, on the other hand, was always lower down- 
stream than in the upper reaches when paired sampling periods were compared, 
was higher after periods of flooding throughout the system, and was lower 
after periods of low flow when relatively high primary productivity was 
occurring in both upper and lower reaches (but more spectacularly so after low 
discharge periods at the lowermost end; Table V-13). Reduction in NO.-N up- 
to downstream in paired sampling periods after low flow averaged about 52%, 
whereas the same value following flooding was about 31%. Ratios of NO,-N: 
PO,-P, a rough measure of actual nitrogen:phosphorus ratios, never exceeded 10 
in flowing segments of upper Aravaipa Creek, or 5 in the lowermost section, so 
nitrogen would be the limiting nutrient under conditions of short supply. 

Examination of long-term sampling data revealed no statistically signifi- 
cant differences among data collected during the day and those from nighttime 


hours. Logically, at least NO.-N should be lower during daylight hours as a 


3 
result of algal uptake, but variation was high, masking any differences that 
















{ q hi rs re as 
; VY. 
} iy ce i aa eh ry ¥4 - a 


mort fide ave R fied r6t * ano ahaa or tg dod 


i : 


, vere ‘sw o oi ‘ 
sf “ a Asud 


bode! cab sonored: ‘efi bne éSnemtue ‘Wi ot 


ae 


ke 
one grow ;.Ge srodgohal) nt Bil es} ame thos fis a ii 


JosTav His! 2a $a te aspfs Yo gu mie ooo 
(sera of patstwtl od vl feat setosng Bf vom) BRGOTE ER. oR" 7 omer = re 
ouTey seg neds azel 2) bhtey of nt 


-s197 946 \mulnonmes: .o.8 ,esonu0s Hepotsin Sendo) UAE ras, Oe 


. 
own 
= 
v 
of 
2 
3 
2 
aul 
2 


i 


5 S- 09 Bas , (082; ied) enostnA noeteeanfuad Yo sonsite abe Sey 2 
ie 0 i. 
val yeh 1 ‘vy 
nol terdieonds Insiznos wevitsiat « easstbhal weeqs sateen 107 sed 
’ =a - 


769% iOnpVO INT b ,Sbu0lT wWeI76 bra s¢ tet? erway og oe on 


né'q OF oldslhave vi doavth tnemeia Sede Yo way ont zh 236 















F ip 
iewol 2yswle -daud tedsa etd no ,h.OH” Q(SIRP Bidar sev a ss 


2 


s * Za 
. OST anime rr yt19q wattontee batteq’ nark aortas Teqqu a43 ne “oat de 4 
ar 
ry: 


cow One ,metzys fs tuonpworwtd poibedt? Yo: ebotied nadie: sade 


. tlt 
w \stvi Suber  wiankag id yloviselsn netw wolt-wol Yo: sbotiey 93 hae ay 
‘atte 92 (PsTunk scene) erom ded)! eadauey amt Ble 99a aod mt ahr m a 


- 1r WOrTIWUDSR 8. El-¥ sical jbne Jean iawel ony Ta sone oe mei 


‘Se Sunde beeets TY wol soste zbotisq pallgmes vst a mon: woe ©. 


te 
fil ois 
mee 


By oy go *yOds téw on tbost? oat wo! ha 7 weer: ‘git P 


+o 


>} 
hi’ af 


Ol bebseoxe veven . 20s" autorneeonn: negonittn. rendoe Yo ‘russe wn 
‘Sosa ceomrewoT edd at 2 90 yaaevd ‘egtaveys i9qqu % mein 


e“idque tome’ Yeo viol ttbrnes *abirwy 31¢ tn tui garda t” on? siti _ 7 
Po os) 7 \ LP. a 
> - 
fitapre vi i garservete on hal éever 638d pniigiied wed srt atm 


itiptn mov) s26e% bos Ved art? pari nisin tag. a8! ‘pn ons, be: ai 


AN a tthe 
5 26 2 u0f ddpliyeb priqus tewof sc en We Wi are ‘im 
> om - is ™ 


tans eesne797t tb vnG eae cat ae metas . 34 





107 


ae 
Lu 
(as 
o 
(Qu 
5 

AO 
= 
0) 
e 


2.0 





OO 0.0 ee 0.4 
ing/ le Bowes Bnd 


Figure V-30. Relationships of concentrations of P0,-P and NO.-N at upper and 
lower stations on Aravaipa Creek, Graham and “Pinal counties, 
Arizona, 1976-78. Data are daily means for paired up- and 

downstream sampling dates; see text for further explanation. 
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Table V-12. Mean concentrations of macronutrients in upper and lower Aravaipa Creek, Graham and Pinal 
counties, Arizona, 1976-78. Sample series marked with an asterisk (*) were taken within 30 
days following flooding; see text for further explanation. Data in mg/lt+one standard error 


of the mean; n = number of samples over a 24-hour period; and ratios are for NO3-N:P0,-P. 





Upper Aravaipa Creek 
Dates n NO3-N n PO,-P 


Lower Aravaipa Creek 


Ratio n NO3-N n PO,-P Ratio 


ee 
_-_OOO 


August 1976 9 OL84+0 511 9 0.10+0.03 1.4 ---- sgt oe =. 2 
November ---- ---- --- ---- ---- --- 
January 1977 5 0.514+0.06 3 0.18+0.00 rare 12 O-21+0. 165811 “~0.1640,05 hae 
February 4 0.43+0.08 4 0.20+0.03 a re ---- --- 
March 8 0226402515 — 8 0.34+0.15 0.9 a 0.12+0.08 5 0.04+0.01 Seu 
April y O71940502) 7 0.05+0.02 3,0 7 0502+0.01)) 7 450.0940. 02 O22 
June 7 071740506527 0.06+0.01 2.6 5 0.04+0.01 5 0.08+0.01 Os5 
July «8 0.13+0.02 8 0.05+0.02 neo) 8 0.07+0.02 8 0.05+0.01 195 
August* 10 0.56+0.12 10 0.14+0.03 4.1 ---- ---- --- 
September* 5 eH Us a 0.12+0.02 Ma 9 0.19+0.02 9 0.05+0.01 0.4 
October* 10 0.534+0.13 10 0.06+0.01 9.4 10 0.21+0.06 10 0.11+0.01 0.6 
December* 17 OSG140 5125 1y 0.07+0.02 ore 18 0.39+0.06 18 0.10+0.03 Se, 
January 1978* ---- ---- --- 8 0.49+0.08 8 0.12+0.02 4.0 
February* 8 0.32+0.11 8 0.10+0.02 Se! ---- ---- ---- 
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Table V-13. Summary of macronutrient concentrations after various periods of 
flood or drought, and as paired sampling periods, up- and downstream in 
Aravaipa Creek, Graham and Pinal counties, Arizona. Data in mg/l+one standard 
error of the mean; n = number of samples; and ratios are for NO,-N:PO,-P. 
Data compiled from Table V-12. 





Conditions or n NO.-M n PO 
Data Sets 


47P Ratios 





Paired Sampling Dates 
Upper Segment T3 0.40+0.19 71 0.11+0.09 3.6 


Lower Segment 74 0.20+0.09 73 0.09+0.04 coe 
After Drought Periods 

Upper Segment 48 0.27+0.06 46 0.14+0.10 1.9 

Lower Segment 37 0.13+0.13 36 0.08+0.04 1.6 
After Flood Periods 

Upper Segment 56 0.49+0.15 56 0.09+0.04 5.4 

Lower Segment 45 0.34+0.13 45 0.09+0.03 3./ 
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might have existed, and differences that occurred at a given sampling point 
were apparently small enough to fall outside the range of sensitivity of 
analytical techniques. 

Water sources for Aravaipa Creek, where flow originated from the sub- 
strate, had about the same levels of PO,-P as samples from the flowing stream, 


but NO,-N levels were invariably higher in such places. Uptake of NO.,-N below 


3 
such sources is rapid, positively correlated with initial concentrations, and 


obviously related to standing crops and primary productivity of algae (Grimm 


1980; see also Section VI-A). Data for uptake of NO.-N below the source of 


3 
Aravaipa Creek and in Turkey Creek are in Table V-14. 
Flood waters also were high in NO,-N, sometimes spectacularly so when 
front waves of flash floods were sampled. A spate of about 0.9 ae in Hel] 
-P, A small 


Hole Canyon in August 1976 had 68.5 mg/1 NO.-N and 1.06 mg/1 PO 


3 4 
flood of about 1.58 m/s in Aravaipa Creek near the mouth of Turkey Creek that 


same month carried 19.6 mg/1 NO.-N; PO,-P was not determined. A flood of ca. 


3 4 

30#¢m°/s near the mouth of Aravaipa Creek in August 1977 yielded an average of 
42.16+16.85 mg/1 NO.-N (range 28.4-61.3 in five samples taken over a 10-minute 
period). PO,-P in the same samples averaged only 0.49+0.32 mg/1 (range 
0.3-1.0). Fisher and Minckley (1978) and Grimm (1980) reported similarly high 


values for NO.-N in floods of other low-elevation watercourses in Arizona. 
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Table V-14, Up- to downstream changes jin macronutrients in Aravaipa and 
Turkey creeks, Graham County, Arizona. Sample series marked with an asterisk 
(*) were taken within 30 days of flooding; see text for further explanation. 
Data in mg/1. 


= ee aie ORR ss aay = e-em aren noe rere 


Dates Source 100 m 500 m 1,000 m 2,500 m 
Ea aa Eee eeees eer ee ee eee 
ieee TRI T te oes re ace mse ee eg saan epee 


Aravaipa Creek, NO,-N 


3 
August 1976 0.47 Os37 No data 0.24 0.09 
October a O21 0.20 0.18 Eps | 
January 1977 0.74 0.63 0.40 0.39 0.38 
June 0.39 0.41 Os2i 0.09 Daa 
October* 0.94 0.88 0.83 Ossz Osis 
December* 1307 0.93 0.97 0.83 0.85 
January 1978* bese! 0.94 0:91 0.93 0.95 


Turkey Creek, NO°-N 


October 1976 0.64 0.29 0.07 not not 
detected detected 


Aravaipa Creek, PO,-P 


August 1976 0.07 0.06 0.07 0.05 0.06 
October 0.11 0.09 0.09 0.08 0.08 
November Oeue 0.09 0.10 0.09 Gale 
January 1977 0.16 Garo 0.14 0.16 Ono 
June 0.08 0.09 0.09 0.07 No data 
October* O17 0.16 Onl? 0.21 Oniy 
January 1978* 0.21 nec 0.19 0.18 0.21 
Turkey Creek, PO,-P 
October 1976 0.11 0.14 0.11 0.10 0.11 
January 1977* 0.10 0.10 0.09 0.08 0.10 
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VI. BIOLOGICAL INVESTIGATIONS 
A. Algae and Algal Pigments 


1. Introduction 


Algae form the basis for productivity of most aquatic systems. In south- 
western streams, in situ fixation of carbon through photosynthesis provides a 
majority of the organic materials upon which higher organisms depend (Minshall 
1978), and production rates oe such that remarkably high standing crops are 
present (Busch and Fisher 1981, Gray 1980). In flowing waters, most algae 
colonize substrates - sediments, rocks, debris, and other living organisms - 
and are termed periphyton (Wetzel and Westlake 1969). Appropriate adjectives 
(e.g. epilithic, for algae living on stones; epiphytic, for those on other 
plants; and epipelic, for algae living on the surfaces of finer sediments) are 
used to specify habit and habitats. 

Most algal communities in Aravaipa Creek were dominated by diatoms 
(Bacillariophyceae) and green algae (Chlorophytae) on stabilized substrates in 
current. A number of other groups were present in special places such as 
floodpools, small backwaters, and quiet habitat in the mouths of side canyons. 


A list of taxa identified from the system is in Table VI-I. 


2. Methodology 


Sampling of algal populations for quantitative estimation of biomass and 
Standing crops is remarkably difficult. Direct enumeration and determination 


of biomasses could not be done because of time constraints, plus other 
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Table VI-I. 


counties, Arizona. 


iy i 


genera identified from Aravaipa Creek, Graham and Pinal 


—_—_—e—a__—_—_——:=’??’?}.}xKx}}——_—_————e 
———eeeeeeeeeee—eeeeeee ee 


CHLOROPHYTA 


Ankistrodesmus 


Chlamydomonas 


Chlorococcum 


Cladophora 
Coelastrum 
Gongrosira 
Hydrodictyon 
Microspora 
Mougeotia 


CHAROPHYTA 


Chara 


CYANOPHYTA 


Anabaena 


Cylindrocapsa 
Gleocapsa 
Lyngbya 


EUGLENOPHYTA 


Euglena 


CHRYSOPHYTA 


Vaucheria 
Achnanthes 
Amphora 
Caloneis 
Cocconeis 
Cyclotella 
Cymbella 
Denticula 
Diatoma 


Fragilaria 


Qedogonium 


Pediastrum 
Rhizoclonium 
Scenedesmus 


Spirogyra 
Stigeoclonium 
Tetraspora 
Ulothrix 


Zygnema 


Nostoc 


Oscillatoria 
Sprulina 


Phacus 


Gomphonema 
Hautzschia 
Melosira 
Meridion 
Navicula 
Nitzschia 
Pinnularia 


Rhopaloda 
Surirella 


Synedra 
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sampling difficulties (see Wetzel and Westlake 1969). Determination of photo- 
synthetic pigment concentrations was thus settled upon as an indirect measure 
of populations. Problems still exist, however, especially those involving 
chlorophy!! degradation productions (phaeophytins) that may interfere with 
spectrophotometric: analyses. Corrections for possible phaeophytins were not 
applied to samples. These products are most abundant in later stages of 
development of algal communities, as successive algae colonize and die, so 
highest values are most suspect. This is especially true after long periods 
of low discharge that allowed accumulation of dense mats. Mineral substrates 
in Aravaipa Creek add another difficulty, making removal of algal cells diffi- 
cult so that complete extraction of chlorophyll might not occur; underesti- 
mation of standing crops may result. 

Algae tend to be distributed in patches, especially when colonizing a 
reach of stream after flood (Busch 1979), and this also causes sampling 
problems. To circumvent this, three types of samples were taken for determi- 
nation of chlorophyl1] a: (1) A suction device was utilized to obtain inter- 
stitial and fragmentary materials from about 50 cm? of bottom--particulate 
materials were removed from water by filtration through HA® Millipore filter 
discs (pore size 0.45 u), which were placed on ice and returned to the 
laboratory; (2) a scoop of substrate, approximately 1.0 cm deep, 10 cm wide, 
and 10-20 cm long, was taken, gently washed free of particles, then iced; and 
(3) a composite scoop of bottom materials was taken as above, and treated the 
Same except it was not washed to remove interstitial materials. Sampling was 
done in current, near shore, and in the center of the channel at each study 


site. 
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In the laboratory, extraction of chlorophyl] a was by 95% acetone in 
dark, cool surroundings for 20 hours. Samples were treated with magnesium 
carbonate to retard chlorophyll] degradation, filtered, and analyzed at 665 um, 
with a correction for residual turbidity at 750 um, on a Bausch and Lomb 
Mini-spectrometer. Approximation of chlorophyl] a was made by use of formulas 
provided by Talling and Driver (1963). Conversion of these values to organic 
weight was made by multiplying by 90, assuming that populations in Aravaipa 
Creek were rarely nutrient limited and that carbon is 50% of organic weight 
(see Strickland 1960). 

Chlorophyll a determinations from mats of Cladophora glomerata, the 
dominant large alga in the creek, were so variable that such sampling, was 
terminated after a few study periods. For example, five replicates from a 
single mat near Turkey Creek varied so that one standard error of the mean was 
greater than the mean - 267.9+292.8 mg/m< chlorophyl] a (range 61.4 - 873.9), 
resulting in an estimate of 24.1+31.6 g/m? ash-free dry weight. Actual 
weights of the alga were far less variable, 25.7+7.6 g/m?, This resulted from 
the community being heterogenous in time and space - some sections were grow- 
ing actively, some were senescent, and the large alga is inhabited by a myriad 
of epiphytes that also influence results. Samples of C. glomerata were there- 
fore taken directly, air dried, and weighed after firing at 550° ¢ for 4 hours 
to estimate standing crops. 

Analyses for pigments other than chlorophyll a were inconsistent and are 


not presented. 
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3. Results 


Interstitial or otherwise unattached (epipelic) algae estimated from 
chlorophy!] a in 118 samples from Aravaipa Creek prior to onset of sustained 
flooding in July 1977 averaged about 0.153 g/mé, 10.8% of the total estimated 
Standing crop. Samples from the same period that were washed of epipelic 
materials, therefore representing epilithic components of the community, and 
those including a composite of algal types (epipelic + epilithic), differed by 
about the same percentage (1.233 versus 1.422 g/m”, respectively). Washed 
samples were therefore arbitrarily increased by 10.8% and combined with total 
samples for presentation (Table VI-2). Encrusting communities consisted 
almost entirely of diatoms. 

Data on standing crops of larger filamentous algae (Cladophora glomerata 
+ epiphytes) in bottom samples from Aravaipa Creek were presented by Bruns and 
Minckley (1980) for the period April 1975 through April 1976, and these were 
supplemented by additional, although less extensive sampling, through April 
1978 (Table VI-3). 

Standing crops of periphyton in streams are related to light intensity, 
temperature, and scour, and to more subtle things as grazing by consumers, 
possible nutrient limitations, and senescence. Comparisons of up- and 
downstream values of standing crops of algae with those from within Aravaipa 
Canyon revealed significant differences obviously commensurate with lower 
light intensity in the narrow gorge. The first two means for encrusting forms 
(Table VI-2) are essentially the same, 1.475 and 1.618, respectively (grand 
mean 1.580 g/m), whereas the average within the canyon was 0.490 g/m?, The 
large, filamentous C. glomerata community averaged 11.0 times higher in 


standing crop than estimates for encrusting periphyton above the canyon, only 
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Arizona. Data are ash-free dry weights, g/m’; numbers of samples are 
parentheses. 
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Standing crops of encrusting periphyton derived from determi- 
within and upon 
Aravaipa Creek 


and attached 
counties, 


September 1976 Olly ro 131 0.036 0.076 0.072 0.638 
( 18) ( 25) (5) (oy 8) (oS) ( 14) 

fetober 0.306 2.522 0.333 0.847 0.441 3,598 
(ty) (e194 ( 4) al} eo) ( 16) 

pavencer: O44 woreso.  , -ceotty $OLL.2. 0.045 1.904 
ae) ( 20) (76) (ei) 

January 1977 0.405 2.655 0.009 0.143 0.009 0.133 
Gah (194 ie) Ven) ( 4) (ons) 

penruary OT00de MEE NTSO) ey cece WME 0.018 1.504 
Gays) (ides) fare) (29) 

Menon 0.018 0.742 0.000 0.447 p.000M wn ls71 
(es) ele) (Cry) ( 10) heii (ae) 

April] DOGO RVEO PRE, Woce coe Lee 0.000 1.247 
G53) (26) a4) (a8) 

meas aye Se) ee ree adie \ alee 
(23) eo) (ret) (aes) 

ie i fGen fa merse 0) Sesame tema 0.000 0,999 
( 4) (oad) 3) Cae) 

July’ ethrough 0.009 0.029 0.009 0.038 0.009 0.038 
April 1978 fr 2a) eee her) ti (23) (16) (8) (52) 

Means, paired 0.207 1.475 0.099 0.409 0.180 1.618 
samples only ( 42) ardsy lo iey: 2S) oad at a ( 44) 

Tahoe hon ka bec een ae 62000108 °1.551 

fer} -——6430) (39). (108) 


Before and after dates in July when sustained flooding commenced. 
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Table VI-3. Standing crops of filamentous algae (Cladophora glomerata + 
epiphytes) in samples from Aravaipg Creek, Graham and Pinal counties, Arizona. 
Data are ash-free dry weights, g/m ; numbers of samples are in parentheses, 


eee hee hy niet sven TA places | 


Dates Upper Canyon Lower 
April 1975 41.9 (5) Sao) 6557 (4) 
June 19.4 (5) 5.4 (6) 20.5 (4) 
September 5.4 (5) O20%(6) tel (4) 
October Seer) 0.0 (6) SoA 4} 
December eee lo) ir. (ee Oeed (4) 

January-February 1976 15.1 (5) 5.4 (6) 84.0 (4) 
March 11.8 (5) 3.2 (6) 28.0 (4) 
April 4.3 (5) 6..5°.('6) 14.0 (4) 

Beoptenbe? 4.8 (2) 0.7 (2) 5.1 (4) 
October Geoat) 1.4 (2) 16.9 (4) 
November 10.1 (4) --- Cashint a) 
January 1977 26.7 (4) 4.9 (2) 38.7 (4) 
March 36.5 (4) Tiel) 43.7 (4) 
June 41.0 (2) --- 38.4 (2) 
sutys 34.8 (4) ue 56.7 (2) 
Jutys through Orono) --- 0.1 (9) 

April 1978 
Means, paired 1ohs. (o2) Sere SS 26.4 (48) 
samples only 
15.4 (72) 4 ee 23.5 (65) 


See ET Re ND ne ip the Pipet 30 doy 
ei Marta a 
Tr. = less than 0.05 g/m. 


Before and after dates in July when sustained flooding commenced. 
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7.8 times higher within the gorge, and 17.0 times higher in the lower reach 
(Table rete The alga requires relatively high light intensity (Warren et 
al. 1960), as well demonstrated, and was far less abundant even in places 
where the stream was shaded by riparian trees (Bruns and Minckley 1980). 

Cladophora glomerata has been reported to be inhibited by termperatures 
higher than 25° C in Michigan Streams (Blum 1956, 1960). Its occurrence and 
distribution in Aravaipa Creek, and elsewhere in Arizona, obviously involves 
temperature tolerances higher than that in summer, but the alga did appear to 
become less abundant in that period on the basis of qualitative observations. 
No such relationships were obvious in quantitative data. No alga identified 
from Aravaipa Creek was considered characteristic of thermal environments (see 
Brock 1970). 

No algae resist scour, as was obvious in information derived both from 
chlorophyll] a and direct weights of periphyton in Aravaipa Creek. This 
physical factor was superimposed on all other obvious features regulating 
algal populations. After flooding commenced in July 1977 (Fig. VI-1), algae 
were essentially absent from the system. Relationships of biomass to 
discharge are apparent when one compares length of time of modal discharge 
prior to a given sampling period with biomasses recovered (Fig. VI-2). In no 
instance did samples within 15 days following a spate yield more than 025 g/m® 
of epilithic algae or more than 6.0 g/m° of Cladophora, whereas with increas- 
ing time after flood, ever-greater biomasses of both components was obvious. 

The encrusting (epilithic + epipelic) community recovered quickly from 
disruption, increasing its mean biomass by ca. 43 times in the first 30 days 
above the canyon and 21 times in the downstream reach. Increase in the canyon 


was 18 times, reflecting shading far less than expected. The community 
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Figure VI-1. 


FEB 





























ok 
MAR APR MAY JUN JUL AUG SEP oct 


Mean daily discharge of Aravaipa Creek, Pinal County, Arizona, 1975-78, 
Geological Survey records (published periodically and unpublished). 
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Figure VI-2. 
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16-45 46-90 
DAYS AFTER FEOOD 


Standing crops-of epilithic periphyton and filamentous algae + 
epiphytes in Aravaipa Creek, Graham and Pinal counties, Arizona, 
relative to days following a flooding event: dots or horizontal 
lines represent means, vertical lines are ranges, and rectangles 
are one standard error either side of the mean. Solid lines are 
for above the canyon, dash-dot for within, and dashed for below. 
Numbers are for number of samples; ranges and standard errors 
excluded from semi-logrithmic plots. 
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attained or exceeded pre-flood conditions between 16 and 45 days after a 
flooding event. 

Rates of increase in the Cladophora community were far slower upstream 
from the canyon, 15 times in mean Standing crop from post-flow conditions to 
ca. 30 days later. Biomass increase in the canyon was only 8.5 times in that 
same period, but downstream rates of 20 times in 30 days were the same as for 
encrusting communities. The Cladophora community became most luxuriant in the 
period 45 to 90 days, or longer, after flood, with a tendency for increases in 
biomass to decline after 90 days at upstream stations perhaps reflecting local 
senescence of algal mats. 

It is notable that epipelic biomass was relatively more important in 
periods following spates, &.g. in the months October through February 1976-77 
and following July 1977 (Table VI-2). This may reflect organisms scoured and 
otherwise displaced from solid substrates, maintaining growth and productivity 
by colonizing within and upon the sediments. Since samples were not corrected 
for phaeophytins, it also was possible that analyses detected such products 
and thus reflect accumulations of detrital materials. High levels of detrital 
standing crop did not, however, correspond with high chlorophy11 a determi- 
nations. 

Schreiber (1978) recorded negligible drift of algae in five sampling 
periods at a station near Turkey Creek. Only in January 1976 was a value 
higher than "trace" recorded, 301.4 mg/m> (wet weight = Caw. Uz g/m, 
ash-free dry weight). Far greater drift was noted on other occasions, but 


unfortunately was not sampled. 
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a Discussion 


Standing crops of periphyton in Aravaipa Creek during periods of modal dis- 
charge were high, generally exceeding those records for streams in temperate 
regions. Some representative standing crops are means of 2.5 to 5.0 g/m* over 
a 20-month period in Morgan's Creek, Kentucky (Minshal] 1968), and an annual 
average of 10.0 g/m* in Berry Creek, Oregon (Reese 1966). McIntire's (1973) 
laboratory streams in Oregon yielded means ranging from 15.6 to 65.7 g/m? of 
mixed periphyton after six months of stable flow under controlled conditions. 

Most measurements of biomass of periphyton in natural stream communities 
in the American Southwest approximate or exceed even the last experimental 
values. Naiman (1974) reported a range of monthly means of 118.7 to 295.9 
ie (annual mean 163.2 q/m) in the stable, remarkably productive Tecopa 
Bore, a thermal stream near Death Valley, California. Grimm (1980) similarly 
found ca. 50 to 300 g/m” in small, unshaded sections of desert streams in 
Arizona after varying periods of low discharge. Aravaipa Creek thus had high 
mean standing crops that corresponded well to data from elsewhere in the 
region, with the exception of within its canyon where shading effected 
suppression of productivity. 

Recovery of the system after flooding, in a period between 16 and 45 
days, compares remarkably well with demonstrated recovery of streams of the 
Sycamore Creek watershed, central Arizona (Gray 1980). In that system, most 


algal communities recovered within 5 weeks (35 days) after scour. 
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B. Detrital Materials 


1. Introduction and Methodology 


Detrital materials in streams are often considered the principal food 
base for invertebrates, and thus for consumers at higher levels (Hynes 1961, 
‘eteseg.).. In heavily vegetated zones, autumn-shed leaves and other parts of 
deciduous trees are major inputs of organic materials (Teal 1957, Hall 1o72. 
Fisher and Likins 1973). Most desert streams, however, have relatively barren 
watersheds, plus organic transport from land surfaces is restricted to limited 
and rare occurrences of rainfall adequate to create sheet flow. Leaf fal] 
from broadleafed deciduous riparian trees along Aravaipa Creek occurs in 
December (Bruns and Minckley 1980), but large accumulations rarely are 
present. 

Detrital materials in the channel consist of both allochthonous and 
autochonous debris, and were Sampled along with the C. glomerata community 
just discussed, Samples were air elutriated through 203 um mesh netting, 
dried, then fired at 550° for 4 hours to determine ash-free dry weight. 
Estimates are minimal since a large proportion of organic material in desert 
streams is less than 100 um (> 90%; Gray 1980), and must have passed through 
the netting. Some information was obtained on drifting (exported) detritus by 
Schreiber (1978). Data on drifting detrial materials were originally pre- 
sented as wet weight, and were converted to approximate ash-free dry weight by 


multiplication by 0.05. 
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Detritus was most abundant in Aravaipa Creek after flooding, and most of 
it was identifiable at those times as finely ground or fragmented leaves, 
stems, and twigs of terrestrial plants. Amounts after floods were comparable 
to, or exceeded, Standing crops of periphyton after periods of low flow 
eenpane Tables VI-3 and VI-4). Mean amounts of detrital material ranged from 
Le COM g/m* in the creek immediately following Spates, and from 1.66 to 
7.14 g/m* after 45 or more days of modal discharge. Gray (1980) produced 
Similar data on diminution of allochthonous debris in Sycamore Creek, Arizona. 
His values, including al] particulate organic materials, were 231.6 g/m? 
within 15 days after flooding, 75.7 in the period 16-45 days, and 56.9 g/m? 
between 46 and 90 days. 

Loss of allochthonous detritus from the System is partially explained by 
downstream export. Post-flood values in the upper section and canyon of 
Aravaipa Creek, respectively, were reduced 70.0 and 68.5% by 16 to 45 days 
after spates, 85.6 and 87.2% by 46 to 90 days, and to 93.6 and 87.0% after 
more than 90 days. Corresponding values below the canyon were 38.1%, 76.2%, 
and 82.6%, respectively, with the slower rate of loss reflecting continuing 
accumulation of materials from upstream. 

Drift of detrital material at a station near Turkey Creek ranged from 
0.014 to 0.054 g/m* in five, 28-hour periods in 1975-76 (Schreiber 1978). 
Data for April, July, and October indicated drift rates of between 0.32 and 
0.93%/day (average 0.54%/day) of standing crops in that reach. For January 
1977, when standing crop of detritus was negligible CO! g/m; Table VI-4), 


the indicated drift rate was 15.1%, undoubtedly an artifact of sampling. 
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Table VI-4. Standing crops of finely-divided detritus in samples from Ara- 
vaipa Creek, Graham and Pinal counties, Arizona. Data are ash-free dry 
weights, g/m”; numbers of samples are in parentheses. 











Dates Upper Canyon Lower 
April 1975 3.2 (5) 7.5 (6) Poa) 
June 468. (5) 6.5 (6) 7.5 (4) 
September Garce 5) 94.7 (6) 42.0 (4) 
October Vas oy) ConOnUG} 28.0 (4) 
December Un (5)? 1652 °(6) 24.8 (4) 
January-February 1976 OFib5) 6y5 (6) 7.5°.(4) 
March Aes Con) 6.5 (6) oes) 
April 524°(5) sees tse) 9.6 (4) 
September 39.8 (2) 44,1 (2) Shela) 
October 201 Se( 3) 24.8 (2) asean(4 ) 
November 4.3 (4) --- Sy a 9) 
January 1977 Pei (4) ceemca ona) 
March aed aay eat ot iy rae Ae) 
June Wen) --- Lert?) 
duly 0.5 (4) awe 1.3 (2) 
July? 42.4 (2) a 50.0 (2) 
December 8 et 2) --- SOrsm( a) 
January 1978 123 8ri(2h --- 208 Og(2) 
March 9.4 (2) --- 14.9 (2) 
April os aan sea eS 
Means, paired hp ead ins aS (NOR IS6 Milos 22.2 (48 


samples only 


Tr. = less than 0.05 g/m 
Before and after dates in July when sustained flooding commenced. 
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Initial losses after flooding are higher than indicated by Schreiber's 
data (all of which was collected between discharges of 0.12 and 0.59 m/s, 
mean 0.33). Slopes in Fig. VI-3 imply transport (or some other factor causing 
declines) in standing crops in upper Aravaipa and its canyon of iGdise, 0.99". C0 
1.07 g/day in the first 30 or so days. Over the first 60 days, mean declines 
in the upper areas were 0.34 and 0.68 g/day, almost exactly that reported by 
Schreiber for instantaneous samples at discharges typical of that period of 
time after flooding. Slower indicated losses below the canyon, again 
reflecting transport into that area from above, are uniformly 0.39-0.40 g/day 
over the first 30 or 60 days (Fig. VI-3). 

It is notable that sustained flooding between July and the end of samp- 
ling in April 1978, involving repeated rainfall that must have resulted in 
sheet flow over desert terrain, resulted in progressive declines in detritus. 
Onset of flooding in July resulted in a surge in standing crop from less than 
0.8 g/m* to an average of 46.2 g/m in the creek (Table VI-4). In December, 
after four major floods (Fig. VI-1), levels were at only 27.5 g/m, in January 
(following another spate), 21.4 g/m, in March (after large floods in Febru- 
ary jamal 248'2 g/mé , and a single downstream sample in April yielded 17.6 g/m”. 
Watershed stores of transportable materials were apparently being depleted. 

Gray (1980) found allochthonous detrital materials essentially gone from 
Sycamore Creek, Arizona, a few weeks after flood inputs, with a gradual 
buildup of autochthonous (algal) biomass replacing it. A similar pattern is 
evident in Aravaipa Creek (compare Figs. VI-2 and VI-3), yet no combinations 
of periphyton and detritus samples approach his maximum figures for standing 
crops. He recorded combined weights ranging from 178 to 2,000 g/m* (average 


594.8 g/m , n = 7) after long periods (> 90 days) of low discharge. As noted 
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Finely-divided detritus 





























ol 16-45 46-90 a) 
DATS “AP TER FLOOD 


Standing crops of finely-divided detritus in and on bottom 
sediments of Aravaipa Creek, Graham and Pinal counties, Arizona, 


relative to days following a flooding event: symbols as in 
Figure VI-2. 
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above, Gray analyzed all particulate organic materials, more than 90% of which 
may have been missed by my coarser netting. Also, transport in the con- 
tinuous-flowing, larger, Aravaipa Creek may not allow such accumulations to 


persist. 
Sen ISCUSS TON 


It has repeatedly been stressed in studies in the American West that 
watersheds are comparatively devoid of vegetation, and that, in turn, organic 
input to streams should be low (Minsall 1978). Flood transport of detritus 
is, however, apparent, and the material undoubtedly contributes significantly 
to the system, at least in Aravaipa Creek. Bruns and Minckley (1980) addres- 
sed this situation in Aravaipa Creek, but it seems worthy of expansion here. 

The Sonoran and Chihuahuan deserts have large components of scrubland 
(Brown and Lowe 1978), consisting of perennial shrubs and small trees 
scattered over uplands and concentrated in washes. Desert grasslands also 
have a high percentage of shrubby or arborescent vegetation. These plants, 
such as cresotebush, palo verde, bursage, and mesquite, are evergreen or 
winter deciduous, but if either, are drought deciduous and rainfall res- 
ponsive. Protracted dry conditions result in leaf, stem, and even twig-fall 
as the plant dies back to its most resistant parts. Rapid responses to 
rainfall include full leaf production and often production of flowers and 
fruits, which also drop to the ground surface after maturation. Smaller 
plants, and shrubs and trees, are eaten by animals, and dry feces of desert- 
adapted forms accumulate along with larger feces of man's livestock (Forbes 
1902). These materials dry further on ground surfaces that may achieve more 


than 65° ¢ (Hadley 1970), and may lie there with little disturbance other than 
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wind for long periods. Few desert arthropods or other groups feed on dried 
materials. Larger items may, however, be encased and reduced toward detritus 
by termites. 

Abrupt rainfall in desert quickly mobilizes buoyant litter and con- 
centrates it in ephemeral watercourses. Lines of debris stranded on the 
surface of coarse substrates when floods recede retain water, and are attacked 
by reducers as termites and other insects, and fungi. Repeated movement of 
material, and mixing it with sand, makes it more accessible to reduction in 
subsurface locales. By the time it is mobilized and transported by a defini- 
tive runoff event, debris may be the consistency of sawdust or a coarse 
powder, incorporated with inorganic bedload of an ephemeral, intermittent, or 
perennial stream. If the latter, instability of sandy bottoms promotes con- 
stant mixing, and organic materials are elutriated into surface flow (Bruns 
and Minckley 1980). Where sediments are deep, such elutriation may take a 
long time, but where bedrock is near, transport will be more rapid. Perhaps 
this explains in part the higher values of detrital material in samples from 
Aravaipa Canyon (Table VI-4), representing the interstitial standing crop 
transported there by flood plus rapid transport of materials from upstream. 

Decline in abundance of allochtonous detritus must also be attributed in 
Aravaipa Creek to direct assimilation by animals. The percentage loss to this 
Sink is unestimated, but must be substantial. 

I propose that the relatively constant amount of detritus in sediments 
after ca. 60 days following flood represents a steady-state balance between 
transport and production of autochthonous detrital materials. If this is so, 


considerable amount of algae must be represented, and algal detritus may well 
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form a major basis for nutrition of animals in the system (see Koslucher and 


Minshall] 1973). 
C. Benthic Invertebrates 
by W. L. Minckley and Stephen W. Burton 
1. Introduction 


Until recently, benthic invertebrates in desert streams of the American 
Southwest were essentially unknown. Bruns (1977) first dealt with the fauna 
of Aravaipa Creek, and this was expanded upon and published by Bruns and 
Minckley (1980). Minckley (1979b) summarized information for Rae cnaey 
including a number of unpublished reports, and Gray (1980) reported on com- 
munities of aquatic insects in the Sycamore Creek watershed, central Arizona. 
The present section reviews and further extends information from Bruns’ 
original contribution, presents information on drift of benthic animals 
(Schreiber 1978), and discusses the invertebrate fauna of Aravaipa Creek in 
light of recent findings on life-history phenomena within that group (Gray 


1980). 


2. Methodology 


Invertebrates were collected at intervals from April 1975 through April 
1978 by Surber-type sampler (929 cm”) with netting mesh of 228 um. If two 
samples were taken, one was from gravel and the other from cobble; single 
samples were from gravel bottoms. Materials were preserved in the field in 
10% formalin solution; no corrections were made for possible shrinkage in 


preservative. 
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Organisms and organic debris were separated from inorganic materials by 
air elutriation (Lauff et al. 1961), with overflow particles retained by 
203-um netting. Remaining substrate was visually inspected for heavy 
organisms, then discarded. If large numbers of animals were present, sub- 
Samples were analyzed. Sub-samples were precise within limits considered 
acceptable by Elliott (1971). Identification of the fauna was with keys of 
Usinger (1956) and Edmondson (1959). Wet weights of organisms were determined 
after drying for one minute on blotting paper. Conversion to ash-free dry 
weight may be approximated by a factor of 0.1372 x wet weight, based upon 35 
samples of mixed invertebrates fired for 4 hours at 550° c, 

Drift of aquatic invertebrates (and other materials as discussed before) 
was estimated by drift net of 333 um mesh. Nets were tethered between two 
sections of reinforcing rod driven into the stream bed in center of the 
channel. Care was taken to avoid contact with the bottom, and the lower frame 
of the net was kept three or more centimeters above the substrate to avoid 
agitation of materials by induced turbulence. Speed of flow at the sampling 
site was determined by the Embody (1927) cork-float method, or by current 
meter. A correction factor for volume of water filtered was computed from 
declining current-meter readings as meshes became clogged. Sampling was for 
15 minutes at intervals through a 28-hour period. Materials collected were 
treated as for bottom samples. Drift was converted to numbers or mg/m= by use 
of the following formula: 
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Table VI-5. Invertebrate taxa from aquatic habitats of the Aravaipa Creek 
drainage, Graham and Pinal counties, Arizona, 1975-78. Minimum numbers of 
species for each family are in parentheses. Symbols: xX = primary occurrence; 
xX = secondary; - generally absent or rare. 


Typical Habitats 


Main- Side Rain 
Taxa stream Canyons’ Tinajas Pools 


INSECTA 
COLLEMBOLA (spring tails) 
Poduridae(1) 


Podura aquatica L. ~ X 35 bs 
Sminthuridae(1) 

Undetermined sp. X - = 2 

EPHEMEROPTERA (mayflies) 

Baetidae(4) 

Baetis sp. "A" 

Baetis sp. "“B" 

Callibaetis sp. 


Centroptilium sp. 
Heptageniidae(c2) 

Rhithrogena sp. 

Heptagenia Sp. - 
Ephemerel 1 idae(1) 

Ephemerella micheneri 

Traver X X - - 

Tricorythidae(3) 


Tricorythodes minutus 
Allen 


I. dimorphus Allen 

JT. condylus Allen 
Leptophebiidae(2) 

Choroterpes inornatus 


Eaton X X - - 


Leptohypes apache Allen X - - - 
ODONATA rapstehe and damselflies) 
Gomphidae(3) 
Aphylla(?) sp. X X - - 
Undetermined sp. x X - ~ 
Undetermined sp. - - X : X 
Aeshnidae(1) (darners) 


Aeshna sp. - ~ X - 
LibeTTulidae(2) 

Dythemis(?) sp. X X - - 

Undetermined sp. - Xx X = 
Coenagrionidae(2) 

Isnura sp. X X - = 


Coenagrion(?) sp. ¥ X - - 
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Table VI-5. Continued. 


Taxa 


PLECOPTERA 


Capniidae(1) 
Capnia frisoni Baumann 


and Gaufin 


HEMIPTERA (true bugs) 


Macroveliidae (1) 
Undetermined sp. 

Veliidae (2) (broad-shouldered 
water striders) 


Rhagovelia sp. 
Microvelia sp. 


Gerridae(1) (water striders) 
Gerris sp. 

Belostomatidae(2) (giant water 
bugs) 
Abedus herberti Hidalgo 
Lethocerus medius (guerin) 

Nepidae(l) (water scorpions) 
Ranatra sp. 

Pleidae(1) (pigmy back swimmers) 
Plea sp. 

Naucoridae(l) (creeping water 
bugs) 


Ambrysus sp. 
Corixidae(2) (water boatmen) 


Graptocorixa sp. 
Sigara sp. 
Notonectidae(2) (back swimmers) 


Buenoa sp. 
Notonecta sp. 
Mesoveliidae(1l) (water treaders) 
Mesovelia sp. 
Gelastocoridae(1) 
Gelastocoris sp. 


MEGALOPTERA 


Corydalidae(1) (hellgrammites) 


Corydalis sp. 
TRICHOPTERA (caddis flies) 


Hydropsychidae(2) 
Cheumatopsyche sp. 
Hydropsyche sp. 

Rhyacophilidae (1) 


Rhyacophila sp. 


Main- 
stream 


Typical Habitats 


Side 
Canyons 


Tinajas 
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I-5. Continued. 


Taxa 


Glossosomatidae(1) 


Undetermined sp. 


Hydroptilidae(3) 


Ochrotrichia sp. 
Leucotrichia sp. 


Mayatrichia sp. 
Limnephilidae(1) 


Undetermined sp. 


Heliocopsychidae(1) 


Helicopsyche sp. 
LEPIDOPTERA eee and moths) 


Pyralidae(l) 


Cataclysta sp. 
COLEOPTERA (beetles) 


Gyrinidae(1) (whirligig beetles) 


Gyrinus sp. 


Haliplidae(2) (crawling water 


beetles) 
Peltodytes sp. 


Undetermined sp. 


Dytiscidae(7) (predaceous diving 


beetles) 
Bidessus sp. 
Deronectes sp. 


Hydroporus sp. 
Laccophilus sp. 


Thermonectes sp. 
Undetermined spp. 


Hydrophilidae(7) (water scavenger 


beetles) 
Berosus spp. 
Laccobius sp. 


Tropisternus sp. 


Undetermined spp. 


Psephenidae(1) (water pennies) 


Psephenus sp. 
Dryopidae(1) 


Helichus sp. 


Helodidae(1) 


Undetermined sp. 


Elmidae(2) (riffle beetles) 


Undetermined spp. 


Main- 
stream 


' >< >< >< :*'J 
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b Table VI-5. Continued. 
Typical Habitats 


Main- Side Rain 
Taxa stream Canyons’ Tinajas Pools 


DIPTERA 
Blephariceridae(1) (net-winged) 
midges) 


Blepharicera(?) sp. X = ¥ Z 
Tipulidae(2) (crane flies) 
Undetermined sp. X X = A 
Undetermined sp. - X 
_Culicidae(3) 
Aedes sp. - - X X 
Culex sp. ~ - X X 


Anopheles sp. X X - - 
Psychodidae(l) (moth flies) 
Pericoma(?) sp. X X = = 
Ceratopogonidae(4) (biting midges) 
Forcipomyia(?) sp. - X x - 
Probezzia sp. X 
, Undetermined spp. 
b Simuliidae(2) (black flies) 
Simulium sp. 
Undetermined sp. 
Chironomidae(13) (chironomid 
midges) 
Tanypodini spp. 
Pentaneurini spp. 
Orthocladiinae spp. 
Chironominae spp. 
Tanytarsini spp. 
Dixidae(1) (dixid midges) 
Dixa sp. X x - - 
Stratiomyidae(2) (soldier flies) 
Undetermined spp. X X ~ - 
Tabanidae(3) (horse flies) 
Siivaiusd2)iispt X < = 2 
Tabanus spp. X X ~ - 
Dolichopodidae(1) 
Undetermined sp. X - - - 
Empididae(1) (dance flies) 
Undetermined sp. X X - - 
Ephydridae(1) (shore and brine 
flies) 
Undetermined sp. X Xx - 
Scatophagidae(1) (=Anthomyidae in 
part; dung flies) 
y Undetermined sp. X i X - 
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Table VI-5. Continued. 


Taxa 


Muscidae(2) (=Anthomyiidae, in 
part; house flies) 
Undetermined sp. 
Undetermined sp. 

CRUSTACEA 
Copepoda 

Undetermined families(2) 

Undetermined spp. 
Cladocera 

Undetermined families(3) 

Undetermined spp. 
Ostracoda 

Cypridae(1) 

Cypris sp. 

Undetermined families(2) 
Undetermined spp. 

Conchostraca 

Undetermined families(2) 

Undetermined spp. 
Anacostraca 

Streptocephalidae(2) (fairy 
shrimps) 
Streptocephalus sp. 
Thamnocephalus sp. 

Apidae(1) (tadpole shrimps) 
Apus longicaudatus L. 

ACARINA 
Hydracarina 

Undetermined family(1) 

Undetermined sp. 
ANNELIDA 
Oligochaeta 

Undetermined families(3) 

Undetermined spp. 
Hirudinea 

Undetermined families(1) 

Undetermined sp. 
NEMATODA 

Undetermined families(1) 

Undetermined sp. 
TURBELLARIA 

Planariidae(1) 

Undetermined sp. 


Main- 
stream 


Typical Habitats 


Side 
Canyons 


Tinajas 
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Table VI-5. Continued. 
Typical Habitats 


Main- Side Rain 
Taxa stream Canyons  Tinajas Pools 


SSeS 
—--———————————_——_————— ee OOOO 


GORDIODEA 
Undetermined family(1) 
Undetermined sp. X Xx a Z 
HYDROZOA 
Hydridae(1) 
Hydra(?) sp. X = 2 és 
MOLLUSCA 
Gastropoda 
Physidae(1) 
Physa sp. X X X - 
Spaeriidae(1) 
Pisidium sp. ; - X & “ 
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where D, is number or D, is mg/m*, N is number of organisms or W is mg/unit 
time (T), NF is net face area (m), V is water velocity (m/s), and CF is the 


conversion factor derived from current meter readings. 
3. Results 


The invertebrate fauna of the Aravaipa Creek system is rich and diversi- 
fied, both in numbers of taxa (Table VI-5) and in numbers of individuals. 
Bruns and Minckley (1980) recorded 63 taxa of invertebrates, of which 56 were 
insects, and a total of 133 (109 insects) now are known from the drainage. 
Gray (1980) similarly recorded 99 taxa of aquatic insects from the Sycamore 
Creek watershed, central Arizona.. For further comparison, Bane and Lind 
(1978) obtained 115 total invertebrates, most of which were insects, from 
Tornillo Creek, Texas, in the Chihuahuan Desert. Piceance Creek, Colorado 
(Great Basin Desert), supported 83 invertebrate taxa, of which 69 were insects 
(Gray and Ward 1979). Other studies in the Southwest (Minckley 1979b) 
generally included identifications only to family (or higher category, Table 
VI-6). 

a. Benthic organisms. Additional sampling in Aravaipa Creek confirms 
patterns described by Bruns (1977) and Bruns and Minckley (1980) that inverte- 
brates are most abundant near the headwaters, and that lowest numbers and 
biomass are within the canyon segment of the stream (Fig. VI-4). Numbers of 
animals generally ranged between 1.0 and 2.0 x 16° /mé and between 10 and 20 
eins wet weight (Figs. VI-5 - VI-6). Average number of taxa per sample rarely 
exceeded 20 (Fig. VI-7). A station at the origin of the system was excep- 
tional, with numbers of organisms ranging to more than 2.5 x 10° individuals 


at a maximum. This was attributable to relatively high standing crops of 
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Table VI-6. Comparative information on benthic invertebrates in streams of Arizona and New Mexico. 


a 


Taxa/ Total Individuals Type of 


Location Sample Families /me Data Reference 


a eee eee 
a ee En ne ai ine. Se a 


Gila River, eastern AZ 8.4 34 4,186 Autumn 1976- Minckley 1979b 
Winter 1978 

San Francisco River, 126 26 3,880 : : 
eastern AZ 

Bonita Creek, eastern AZ SES 46 5,648 “ se 

Eagle Creek, eastern AZ 9.3 a 1,052 Spring-Winter : 

1977 

San Francisco River, | bag! 31 145 May-June 1977 Anderson & 
western NM Turner 1978 

Upper Eagle Creek, --- 15-21 666- June 1976 Kynard 1976 
eastern AZ °1,279 

Blue River drainage, --- 16226. 2 4 9 ~== = Summer 1976- Silvey and 
eastern AZ (8 creeks) 1977 Thompson 1978 

Sycamore Creek, central --- 49 Bex 10° At stability Gray 1980 
AZ 

Aravaipa Creek, eastern --- 50 12,240 Annual Ave. Bruns 1977, 
AZ Bruns and 

Minckley 1980 
10.0 64 ca. 6,000, Over-all Present study 
2ex=10 At stability 
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Figure VI-4, Summary of mean numbers and biomass of benthic invertebrates 
in Aravaipa Creek, Graham and Pinal counties, Arizona, 1975- 
76, above, within, and below the canyon segment (from Bruns 
and Minckley 1980). 
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Figure VI-6. Weights (g/m, blotted wet weight) of 
from Aravaipa Creek, Graham and Pinal 


O) 








invertebrates in samples 
counties, Arizona, 1975- 


1978; see text for further explanation. 
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1975 1976 1977 1978 
Figure VI-7. Number of taxa (/m*) of invertebrates in samples from Aravaipa 
Creek, Graham and Pinal counties, Arizona 1975-1978; see text 


for further explanation. 
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Table VI-7. Average densities of important benthic invertebrates in Aravaipa Creek, Graham and Pinal 
counties, Arizona. 
















































: 1977 1978 

Taxa Jan Feb Mar ay May Jun Jul Aug Se Oct Nov Dec Jan Feb Mer aia May Jun Jul Aug So Oct Nov Dec Jan feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Fob Mar Apr 
(samples) (2) (V4) (4) (14) any (14) (14) (14) (14) (14) (6) G (9) (3) (7) (10) (6) (7) (13) (4) 4) (6) (7) (4) (6) (7) 
EPHEHEROPTERA 

Bagtls spp. 565 1306 3639 1056 763 3176 4988 5776 3292 5184 4AT4 3358 1231 1920 tat 30 - 3 339 2295 38 14 

Choroterpes sp. 172 164 2571 870 644 86) 1382 733 1197 987 22 104 372124 216%) 60° = eo=- 0 -=0- 22 27 ---- 

Ephemerella sp. ==25 495 Wy ---- se--  -ee- ---- 570 507 1004 aeee 1% aae= 3 fre a ra == ee aie = 

Ir{corythodes spp. 215 379 4928 309 224 286 615 TAY 625 1359 90 594 2143 3021 1644 9) - 15 229 7 ' 

Rh throgena sp. 22 23 6 ---- ser see 46 145 55 5 <-=< -=-- wese =-=- ee -=== oos- S=-- ---- 

Controptitium sp. ---- aoe ---- AY 385k ---- 6 3 é a. ae by Se CL eee ee + ee ee 
PLECOPTERA 

Capnia Frisont 32 6 ae eee Be=e) 203 1610 86 wa | 5 are 325 Gage see Hae Rss) 6 Me 393 527 (129 30 
TRICHOPTERA 6 8 64 3 E 

Hydropsychidae u 18 Ho 16 24 234 394 313 325 ANB 4 3 15 32 

Hydropt! lidae " 56 4 50 lo =. 20 77 4o 222 «192 ---- ---- 21h 219 Vie@ 63 

Hel |copsyche sp. 5 ee 26 «53 a, 17 35 58 4927 ---- = OT 31 397 = 

Limnepht idae 2 3 1 2 ---- 2 ---- 9 ---- 9 18 4 28 54 2 14 r 

Glossosomat Idae 4 12 15 130 20 7t 143 315 91 268 ---- 28 ly 2 4 ’ 
DIPTERA 

Blepharlcerldae ---- ---- 3 ee nae Sates aa ee Ear ees 2 a Dass =e Secs) aes =see oe 3 

Chi ronomidae 2594 1628 690 435 1738 6616 5186 2506 99 1848 749 2655 1643 4 " 2056 1835 sk 

Simul lidae 118 100 472 W774 2481 1683 178 2174 429 117038 3 = 79! et 3 

Ceratopogonidae 22 55 4g 4 143 487 74 23 47 161 29 5 109 “25 30 : 

pebeoicee ' ase 1 igr $22 28 45 a se 18 ee a) uh = ieee es : 

Strat lomyldae = 15 =e ee 3 Aces 3 aa 27 =-=- 7 i] = 

Muscidae ---- a 5 <nom 7 weae nem === ase “ae ‘ 

Cullcidae =e a2 3 3 1 a, PATE es 22 2 coor sie 

Dixidac 1 Sey aS wae 3 ae 4 ---- Baas a a 

Tipulldas --- ve ae — ' = _ "W Sas eis a s 

Ephydridae 7 6 = eee =. —— aso 350 3 We = 

Empididacs ---- —s aa nae eee bien bo oe Sees) aoe at) 55 s 

Psychodidae =e en, 3 =e 3 9 1 a a aii es : 

Anthomy!tdae - ate ae J -c-2  eee- === Sas --- 0 2--- --- 4 2 a i 

Dol Ichopodidae ---- s==- eos Leas Sece oe ae esl 4 7 eae ees ies ahs, Se eer Ma, 32 3 
HEHIPTERA 

Sraptocorixa sp. 4 a 3 6 3 6 25 12 3 4 24 3 — oo 3 

Abedus sp. --- ----  ---- ---- eee) eee ws-- 0 ---- == 2 - 

sp. 6 “a a 3 4 2 =o NY) — > aa 

Vellidae ae ---- ---- ---- ---- 38 17 3 ---- = 4 

NotonectIdae === =e w--- 0 ---- wer- eee ---- ---- SE S<ee = Se=) Beem Seam ---- 2 ---- ---- Woo-2-- 0 ---- ---- aaa eee — 
COLEOPTERA 

Hydrophilidae SS ae a 1 ees5 Ga Se) ---- 3 7 23 -==- 7 32 ase Hs050 -n== === = 3 

Dytiscidae 5 3 Sas 1 28 19 12 BIO) oad 160 12 7 ---- <sas aes 

Oryopidae = ap 3 13 18 7 3 4 ! ---- ---- 0 ---- 15 WW = 

Elmidae 7 3 46 39 50 30 46 7, 2 6.» 36 $2 2 

Hal lp] dae 2 3 3 a=s- ones 6 12 ---4 ---- ‘fines 2 =e 3 

Psephenidae =e nat --- 5 ---- ---- os 1 

Helodidae ---- ---- === 22> scam <o=- ote Beas =a ---- ---- ---- Sean eer SB ass gens  Sehe pete = wee 
ODONATA 

Gomph dae 2 3 4 84 52 48 SI 24 ST Sore sees === 4 2 F3 >=-- === 2 

Libel lultdae ---- 15 6 7 $) = Gre 1 29 2 1h = 3 3h ta = 

Coenagrlonidae =e oa ala a Ae Sate ame <a-= 2s (s->= — <= 20s <a> <! 4 = See sae WaaSa8 oes. Srer = 
HEGALOPTERA 

Corydalis sp. Eaoe aaa <a 3 15 7 i 6 10 2 genera a ' 4 4 6 5 12 3 ' 2 2 5 =s== ' ---- 
LEPIDOPTERA 

Cataclysta sp, ar 6 21 6 6 13 15 18 5 6 3 Ch BESS) oe 4 W 3 32 43 ----  ---- ---- —— <-cS cet aoa= 
OL IGOCHAETA 

Undetermined spp. 205 W241 629 24 40 621 2000 1482 923 255 W 2 zt 14 2h 194 4 8 ---- 4 15 67 8 7 W 3 
HIRUD INEA 

Undetermined spp. a +2 Eaee | Sosa ee ae aso= a 3 Cf ah Oe === (eae Do see see eens oe ---- Se main ae 
NEHATODA 

Undetermined spp. aaa See 30 =o ee (2 69 4) 30 6 Ti tana I === sors snes ~+-- wee sree were -H-- ae oem eas =i 
OSTRACODA 

Cypridas aS 8 38 (169 28 143 137 197 205 30 (Mao RS ae 1270 4) 74 Sores es yh) ae ioae J Meo ) 
HYDRAZOA 

Hydrtdae ---- ---- Baan) Seco Biot acess sot 378 338 95 gars Aa sgeees eS #3 roe pe Seem th as ware eee anne = 
ACARINA 

Undetermined spp. 43 129 121 76 32131 437 731 755 509 2h) ---eaee 231) 25 495 73 «176 83 ---- ---- 30 28 5 SSS 6 SERS Secs 
TURBELLARIA 

Planaritdae ooo 6 154 48 sy SSE or 3 8 33 meeps Se - oo 67.95 250 ----  ee--  ---- => a eae Be — 
GASTROPODA \ 


Physa sp. --=- =--- aen- none sens n=o- ---- sere eee anes == ==== 2 143 § ow-2 cane aes Geee ees eer oe 
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filamentous algae and detrital materials, both of which enhance invertebrate 
populations, and a coarse sand substrate that supported a large interstitial 
(hyporheic) fauna (Bruns and Minckley 1980). 

Benthic invertebrates varied widely in abundance in Aravaipa Creek, but a 
general pattern existed of greater numbers of individuals and taxa and greater 
biomass in later winter and spring, followed by a decline during summer rains 
and flooding. In 1977, small spates in January and February (Fig. VI-1) 
apparently suppressed populations, and onset of severe and sustained flooding 
in July progressively forced the fauna lower. Benthic invertebrates were 
markedly reduced in numbers and biomass in winter 1977-78 compared to earlier 
periods, and remained so the following spring (Figs. VI-5 - VI-7; Table VI-7). 

Responses of the invertebrate fauna to flooding are further examined in 
Figures VI-8 and VI-9. Numbers immediately following a spate were often fewer 
than 50/mé, yet means for the period 0 to 15 days following a flooding event 
averaged near 4,000 within the canyon and below. Some floods recorded at the 
downstream gage originated in side canyons, so data for the upper stations 
include some samples in which numbers were not influenced at all by high water 
(some are excluded in Fig. VI-8; see legend), and about 8,000 individuals were 
present per square meter in the upper area. Biomass after flooding was re- 
duced to less than 2.0 g/m? in all stream sections (again excluding some 
upstream samples), and numbers of taxa were similarly affected. In the period 
16 to 45 days after flooding, most parameters increased, with some lag within: 
the canyon, and relative stability was achieved by 46 to 90 days after dis- 
ruption. 

b. Drifting invertebrates. Downstream drift of aquatic insects was 


recognized by Denham (1938) as a basic pattern of their ecology, a way for 
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Figure VI-8. 
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<5 16°45 46-90 > 9O 
DAYS VAP TER) FLOOD 


Relationships of biomass and numbers of taxa in samples of 
benthic invertebrates relative to time after 


flooding in 
Aravaipa Creek, Graham and Pinal counties, Arizona: symbols as 
in Figure VI-2. 
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Figure VI-9, 
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aib be) 16-45 46-90 > 90 
DAYS, AFTER FLOOD 


Relationships of numbers of individuals in samples of benthic 
invertebrates relative to time after flooding in Aravaipa Creek, 
Graham and Pinal counties, Arizona; symbols as in Figure VI-3. 
The upper, left-hand data (open circles) for upstream stations 


includes samples taken when the area obviously had not been 
affected by flood; see text. 
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species to colonize an entire reach of stream from upstream points of ovi- 
position. Since that time, quantification of drift as an adjunct to bottom 
sampling has increased in importance (Waters 1972). Field collections of 
drifting materials were made in conjunction with studies of foods and feeding 
interrelations of fishes in the system (Schreiber 1978) over 5, 2-day inter- 
vals: 9-10 January 1975; 18-19 April; 11-12 July; 24-25 October; and 30-31 
January 1976. 

Only a few invertebrate taxa were consistently present in both benthos 
and drift cannes (compare Tables VI-7 and VI-8). Mayfly genera of the family 
Baetidae (Baetis, Callibaetis, and Centroptilium) comprised most biomass of 
ephemeropteran nymphs, and were dominant in numbers. Tricorythid nymphs 
(Tricorythodes) and Leptophlebiidae (Choroterpes and Leptohypes) were far less 
abundant than baetids, but were equally as frequent in occurrence. Hepta- 
geniid (Rithrogena) and ephemerellid (Ephemerella) nymphs were abundant 
eeeecnal le (winter-spring) in benthos samples, and were present in drift 
during the same periods. 

Larvae and pupae of the dipteran families Chironomidae and Simuliidae 
were present in all periods, both in drift and benthic samples, were rela- 
tively important in terms of biomass, and were often present in large numbers 
(Tables VI-8). Chironomid adults were in all drift samples, forming signifi- 
cant proportions of total biomass. Simuliid adults were uncommon, but were 
taken in drift in 4 of 5 sampling periods. 

Water mites (Acarina) were in all benthic and drift samples, but numbers 
and weights comprised a miniscule percentage of totals. Microcrustaceans, 
especially cyprid ostracods, also were consistent in occurrence, but of minor 


consequence in weight. 
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Table VI-8. Numbers and biomass (mg/m? , wet weight) of invertebrates and other items in drift samples 
from Aravaipa Creek, Arizona, 1975-76. Items which did not occur as at least 1.0% in averages of at least 
One sampling period are lumped as “other." 


ne ee Fe ee eee 
Sampling Periods 





January April July October January 

Items No. Wt. No. Wt. No. Wt. No. Wt. No. Wt. 
EPHEMEROPTERA 

Undetermined adults 0.6 aca 073 1.4 0.2 Ve! Os 0.8 0.5 2.4 

Baetidae nymphs 8.4 14.6 15.7 7.8 6.7 2.0 14.9 lr 19. 25=-20.6 

Tricorythidae nymphs 4.7 6.0 7.0 4.9 1.6 0.7 fy: 0.7 2.6 2.0 

Heptageniidae nymphs ee 0.2 nae --- --- --- --- --- O52 thes | 

Leptophlebiidae nymphs 0.2 OSZ 0.2 0.4 0.7 17 O73 Ul 0.3 0.6 

Ephemerellidae nymphs --- --- 0.4 0.6 --- --- --- --- --- --- 
PLECOPTERA 

Capniidae nymphs seg tee ire int --- --- 0.1 Ire 0.1 O55 
ODONATA 

Gomphidae nymphs 0.2 OTS --- --- Ot 0.3 0.3 les --- --- 
HEMIPTERA 

Corixidae adults OF2 S20 0.4 959 0.1 0.7 0.3 So OFZ 5.0 
TRICHOPTERA 

Hydropsychidae larvae --- --- 0.3 1.4 0.1 O22 0.1 025 0.5 Soe | 

Glossosomatidae larvae --- --- --- --- Wee 0.2 0.2 0.4 GTZ Les 
DIPTERA 

Chironomid adults 3.4 ae: ie 0.7 0.6 0.4 ay: 0.8 Jen 229 

Chironomid larvae 14.4 Led 7.1 4.0 23 1.4 Sao 1.9 4.3 274 


and pupae 
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Table VI-8. Continued. 


Sampling Periods 


January April July October January 

Items No. Wt. No. Wt. No. Wt. No. Wt. No. Wt. 
DIPTERA (con't.) 

Simuliidae adults Oot Os} Wie Lise --- ~-- Ue: Pao 0.1 0.1 

Simuliidae larvae 6.1 4.6 2.6 rhe re5 1.4 3. ae wee rb 230 

Ceratopogonidae larvae 0.6 0.5 0.1 th. 0.6 Ur5 0.1 wet --- --- 

Ephydridae larvae O59 0.6 --- --- --- --- --- --- Ue hey 

Stratiomyiidae larvae --- --- --- --- Wisc! i741 --- --- Ts The 
LEPIDOPTERA 

Pyralidae larvae ieee Ohi =f or2 Ma. 8.1 621 1.00%, Ba. 40425 
COLEOPTERA 

Undetermined terres- 0.1 0.1 Tl 0.1 ORL 0.9 OF3 0.4 --- --- 

trial adults 

ACARINA 

Undetermined taxa al 0.1 205 bgt | bees OFZ 1.1 0.1 ee O73 
CRUSTACEA 

Ostracoda (Cypridae) pail hye 4.3 0.4 7.8 0.8 4.6 DE2 14.9 0.5 

Cladocera (Chydoridae) --- --- 89,7, 0.6 Tr. ee --- --- Ls: Tie 

Copepoda (Cyclopoidea) 2.0 0.1 2.0 0.1 es ies ie J se fags Te: 
ANNELIDA 

Undetermined Oligo- thet 4.6 3.6 Sed | OF. 0.9 dine: 0.5 Ue 0.2 


chaeta taxa 
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able VI-8. Concluded. I ba 





Sampling Periods 
January April July October January 
Items No. Wt. No. Wt. No. Wt. No. Wt. No. Wt. 


er Bari nie 2 ee eee 
OTHER ANIMAL ITEMS 





Aquatic nymphs and Veo Oc3 0.2 0.1 --- --- O52 anal --- --- 
larvae“ 
Emerged aquatic insects> 0.1 0.2 ee a (Neon S0nI a, ae eoee Th. eel 
Terrestrial insects’ 0.2 0.1 0.2 0.1 0.3 0.1 Oe2 0.1 0.1 Te. 
PLANT MATERIALS 
Diatoms Na.> Tr. Na. Les Na. tice Na. TGs Na. Te. 
Filamentous algae Na. Tie Na. Tr. Na. Tr. Na. Tr. Na. 301.4 
Detritus? Na. 596.0 Na. -24153 Na. 609.1 Na. 1,068.0 Na. 494.5 
TOTALS 
Excluding plant 53.4 56.3 86.8 40.5 C/,85 14,8 a9s9- 2372 5338 4364 
materials 
Including plant Na. 65253 Na. 311.8 Na. 623.9 Na. 1,096.0 Nas. 53729 
materials 


ee ee ee eee 
SOR Se 2 OLS 2 ae | SR SE OW, PS EE CES OF EEO | a GPS es. Las eee 
; Tr. = less than 0.05 individuals or mg/m>. 

Including for present purposes: HEMIPTERA - Mesoveliidae and Microveliidae; TRICHOPTERA - Hydroptili- 
dae; DIPTERA - Tipulidae, Culicidae, Dixidae, and Empididae; COLEOPTERA - Elmidae, Dytiscidae, 
Halipidae, and Hydrophilidae; HYDRAZOA - Hydridae; and NEMATODA - Undetermined taxa. 

Including: PLECOPTERA - Capniidae; and TRICHOPTERA - Undetermined adults. 

Including for present purposes: COLLEMBOLA - Undetermined taxa and Sminthuridae; THYSANOPTERA - 
Tripidae; HEMIPTERA - Undetermined terrestrial taxa; HOMOPTERA - Aphididae and Undetermined taxa; 
COLEOPTERA - Staphylinidae; HYMENOPTERA - Chalcidoidea and formicidae; MALLOPHAGA - Undetermined taxa; 
ARANIEDA - Undetermined taxa; and TARDIGRADA - Undetermined taxa. 

Na. = Not applicable. 

Leaf litter was not included. 
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Trichopteran larvae of the genera Hydropsyche and Cheumatopsyche were 
Scarce early in the study, but became more important later as a major 
component of biomass in benthic samples and relatively common taxa in drift. 
Glossosomatid trichopterans followed a similar trend. High biomass estimates 
for trichopterans, especially hydropsychids, typically resulted from presence 
of a few large individuals, rather than dense populations. 

A large number of other animals were recorded in drift samples, some in 
small numbers or only occasionally, and others seasonally. Especially sea- 
sonal in abundance was the plecopteran Capnia frisoni, which was taken only in 
colder periods, and turbellarians that appeared in summer samples in benthos, 
but did not enter drift (Tables VI-7 - VI-8). 

In paired samples of benthos and drift from Aravaipa Creek, 36 items were 
in the benthos. Twenty-six (72.2%) of these were nymphs, larvae, pupae, and 
non-emerging adults of aquatic insects, 7 (19.4%) were other aquatic inverte- 
brates, and 3 (8.3%) were non-animal categories (algae, diatoms, and detri- 
tus). Drift sampling caught items of 66 categories, of which 27 (49.1%) were 
aquatic insects (nymphs, larvae, pupae, and non-emerging adults), 5 (9.1%) 
were emergent adults of aquatic taxa, 7 (12.7%) were other aquatic inverte- 
brates, and 13 (23.6%) were invertebrates of terrestrial origin. Three (5.5%) 


were the non-animal components defined above. 
4, Discussion 


The dramatic influence of flooding on Aravaipa creek was equally as 
evident in aquatic invertebrates as it was with other features. Losses in a 
given flood ranged to near 99% of numbers of animals, yet recolonization was 


so rapid that within a few days substantial populations were again present. 
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Gray (1980) recorded an average of 86% loss in total numbers and 81% in 
biomass in creeks of the Sycamore Creek watershed, finding that flood 
intensity (rate of increase in discharge) was equally as important as flood 
magnitude (as measured by peak discharge) in causing reductions in the fauna. 
Thus smaller summer spates were as destructive as larger, more sustained, 
winter floods. Recovery time depended upon frequency of previous flooding in 
Sycamore Creek. After a single peak, density and biomass achieved pre-flood 
levels within 14 days. Repeated flooding resulted in longer periods for 
recovery, on the order of 5 to 7 weeks. 

Sampling in Aravaipa Creek was not frequent enough to critically assess 
these factors, but relations of flood-frequency to time of recovery (Figs. 
VI-5 - VI-7) resembled those described and recovery after floods was almost 
equally as rapid (Figs. VI-8 - VI-9). Mechanisms whereby such faunas avoid 
destruction were clarified by Gray (1980), who demonstrated amazingly short 
generation times for many aquatic insect taxa in Sycamore Creek. Many species 
in that system reproduced continuously throughout the year and fulfilled their 
life cycles in less than 14 days, so that probability of all individuals being 
influenced by a given flood was negligible. Included were Baetis quilleri, 
Leptohypes packeri, Tricorythodes dimorphus, and Callibaetis montanus 
(Ephemeroptera), diverse Chironomidae, and Probezzia sp. (Ceratopogonidae). 
The corixid hemipteran Graptocorixa serrulata fulfilled its life cycle in 2l 
days. Most of these genera are also present in Aravaipa Creek (Table VI-5). 

These insects therefore circumvent the problem of flooding by having 
adults pnesehit at all times, and oviposition in receding flood waters can 
result in mature larvae in as little as two weeks. Thus, under a "normal" 


regime of discharge in Aravaipa Creek, represented best by 1975 and 1976 (Fig. 
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VI-1), with late winter flooding, spring drought, summer Spates, then autumn 
drought, depression of the fauna would be expected.only when flood peaks were 
relatively close order, i.e. during summer rains. This was well represented 
in the data (Figs. VI-5 - VI-6). With sustained flooding, the strategy would 
be less effective, and populations would be expected to progressively decline, 
as occurred in 1977-78. 

Decline in the benthic fauna also involves faunal change and depletion 
(Table VI-7). Late in the study essentially all but baetid mayflies, ple- 
copterans, and a few chironomid dipteran larvae were absent. Trichopteran 
larvae were essentially gone after July 1977, and coleopterans, hemipterans, 
and odonates, were rare. These last groups include those identified by Gray 
as lacking short life cycles in the Sycamore Creek drainage, and he also 
demonstrated their extirpation after a period of sustained flood. Their slow 
recovery in Sycamore Creek was attributed to migration from the adjacent, 
perennial Verde River. } 

Quantitative data for tributaries are available only for the almost- 
perennial Turkey Creek (Table VI-9), but qualitative observations on other 
places pertain to recolonization of the mainstream of Aravaipa Creek and merit 
discussion if for no other reason than to stimulate other investigations. In 
“normal” years, most tributaries to Aravaipa Creek are dry, or at best inter- 
mittent, with water retained only in rock pools (tinajas). Even Turkey Creek 
dries to intermittent pools connected by short flowing reaches or maintained 
by underflow within sediments. The insect fauna of such habitats consists of 
odonate niaids (Libellulidae and Coenagrionidae), dytiscid beetles of the 
genera Deronectes, lLaccophilus, the hydrophilid Tropisternus, and other 


numerous hemipterans (Abedus, Notonecta, Buenoa, and water striders - 
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Table VI-9. Average densities of benthic invertebrates in Turkey 16Peek. 
Graham County, Arizona, in different seasons, 1976-78; summer data precede 
spates in each instance. Number of samples are in parenthesis. 





Winter Winter 
Taxa Summer 1976 1976-77 Summer 1977 1978 








EPHEMEROPTERA 
Baetis spp. 4 2755 --- 190 
Choroterpes sp. 36 43 24 ese 


Ephemerella sp. | --- 6 --- --- 

Tricorythodes spp. --- £85 --- 1 
PLECOPTERA 

Capnia frisoni --- 26 --- 151 


TRICHOPTERA 
Hydropsychidae / Ze --- 19 
Hydroptilidae 43 --- a7 --- 
Limnephilidae --- 76 --- Tal 


DIPTERA 
Chironomidae 560 1007 794 ioe 
Simuliidae --- 646 --- ii 
Ceratopogonidae --- 81 2 ipl 
Stratiomyidae 4 --- ee aie 
Ephydridae --- 22 fe 6 


HEMIPTERA 


Graptocorixa sp. 2 
Abedus sp. 


Ambrysus sp. 
Veliidae 
Gerridae 
Pleidae 
Notonectidae 
Gelastocoridae 


COLEOPTERA 
Hydrophilidae 11 5 19 ei 
Dytiscidae 44] 54 364 20 
Dryopidae 18 --- 9 --- 
E|midae 4 32 2 64 
Haliplidae 201 aa et 


ODONATA 
Libellulidae 29 --- Wy; pi 
Gomphidae --- 16 7 1 
Coenagrionidae 7 --- 19 --- 
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Oligochaeta 
Undetermined spp. 47 54 91 Vi 


TURBELLARIA 
Planariidae 14 pt 9 a 
GASTROPODA 


Physa sp. 20 ae 32 aa 
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Gerridae, Veliidae, and Pleidae), omnipresent chironomid dipterans, and rarely 
baetid mayflies. Filter feeders are hydropsychid trichopterans and simuliid 
dipterans are absent, as are other current-loving forms as riffle beetles 
(Elmidae). Insects occurring there also often inhabit shallow, temporary 
ponds resulting from rainfall accumulation, and are rarely abundant in flowing 
systems even when present. In winter, when permanent flow is present for a 
few weeks or months, trichopterans, various mayflies, plecopterans, diverse 
dipterans, and other groups characteristic of the mainstream of Aravaipa Creek 
colonize these waterways. In wet years, such as 1978, the fauna of normally- 
ephemeral canyons changes to resemble that of the mainstream in "normal" 
years, and temporary pond animals are absent. Thus, scour in the channel may 
extirpate species locally, but they colonize refugia in side canyons and from 
there re-invade when conditions in the master stream become more amenable. As 
Side canyons cease to flow temporary ponds in the surroundings also dry, 
forcing movement of that fauna back to tinaja habitats, and a cycle is again 
complete. 

It is obvious that seasonal abundance of most individual taxa in Aravaipa 
Creek reflect the overriding force of summer flooding (Fig. VI-10). This is 
especially evident in most substrate-surface dwellers as mayflies and certo- 
pogonid dipterans, and interstices- or burrow-dwellers such as chironomids, 
Oligochaetes, and water mites (Acri). The former are free living, thus 
directly exposed to spates and the latter are subject to decimation as 
Substrates are mobilized and scour proceeds. Riffle beetles (Elmidae) must 
have specializations that allows persistence through floods, but the mechanism 
is unknown. That animal showed no evidence of depletion with flooding (Fig. 


VI-10). The plecopteran Capnia frisoni occurred only in winter, and was 
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Figure VI-10. Abundance of selected aquatic invertebrates in Aravaipa Creek, 
Graham and Pinal counties, Arizona, 1975-78, computed as means 


of samples in two-month periods; see text for further explana- 
tion and discussion. 
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almost as abundant during flooding of 1977-78 as it was in preceding years 
(Table VI-7). The species also occupied tributaries in cooler seasons (Table 
VI-8), and may have quickly spread into the mainstream from such refugia after 
flood, thus producing the apparent resistance to scour. Numerous Capnia 
species are known to persist through warmer periods as nymphs in diapause 
(Hynes 1976). Gray (1980) postulated that C. arizonensis in Sycamore Creek 
did so as diapausing eggs, and this also seems likely in C. friosoni in 
Aravaipa Creek. How and where these eggs survive scour of summer flooding is 
an intriguing question. 

Filter-feeding invertebrates, especially simuliid dipterans, seem 
enhanced by summer flooding. Hydropsychid trichopterans are far less flood 
resistant, yet declines in their average abundance over the period 1976-78 
were far less than in other groups. Perhaps the high input of detrital 
material with spates (Fig. VI-4) provides an abundant food supply that is 
exploited by these animals and reflected in population increases or at least 
maintenance at relatively high levels. 

As is obvious from data presented, variance in samples from benthic 
communities is notoriously high (see also Needham and Usinger 1956 and Elliott 
1971), presumably as a result of heterogeneity of stream habitats joined with 
diversified life histories and behavior of faunal constituents. Drie ti dog 
certain organisms (i.e. baetid mayflies) has, however, been demonstrated to be 
consistent and predictable, and proposed as another measure of invertebrate 
populations in streams, possibly more sensitive than direct sampling of 
benthos (Waters 1965, 1972). Mixing action of turbulence tends to suppress 


affects of heterogeneity. 
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Relationship between drift and standing crop of benthos at a given place 
is only a general one, especially if habitats upstream vary significantly from 
that at the point of sampling. Waters (1965) estimated on the basis of block- 
ing a stream that organisms drifting at a given place originated no more than 
50 to 60 m upstream. Comparisons of standing crops of benthos and drift at 
the Aravaipa Creek station was justified by similarity of habitats throughout 
the study reach and by lack of statistical differences in numbers and biomass 
at the station and another site immediately above (see Bruns 1977 and Bruns 
and Minckley 1980). In addition, sampling of drift and benthos were always 
taken about midway in a 60-m-long, uniform riffle, so that comparative 
integrity of data was maintained. 

Invertebrates common to both drift and benthos included all important 
categories discussed before. Slightly more than 65% of drift (excluding 
non-animal components) was derived from benthos, and this rose to 75% when 
emerged adults of aquatic insects were included. Three of four items in drift 
of Aravaipa Creek were therefore autochthonous to the system. Of 32 benthic 
taxa recorded (again excluding the non-animal items), 23 (71.4%) drifted. 
Groups of benthic animals absent from drift included Libellulidae (dragon 
flies), Tabanidae (horse flies), Muscidae (house flies), Rhagoveliidae (water 
striders), Helicopsychidae and Limniphilidae (caddis flies), Corydalidae 
(hellgrammites), Hirudinea (leeches), and turbellarians (flatworms). Absence 
of all but the last from drift may generally be attributed to their rarity. 
Turbellarians appear to resist drifting in Aravaipa Creek. 

Of organisms drifting, only baetid and tricorythid mayflies and chiro- 
nomid dipteran larvae and pupae were present in all samples on all sampling 


dates. Numbers of those animals per cubic meter of water correlated roughly 
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Figure VI-11. Weights and numbers of invertebrates /M” in drift compared with 
standing crop and biomass/M in benthos. 
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with numerical standing crops estimated by benthic sampling in the same 
periods, but no such relationships existed between their weights in drift and 


those in benthos (Fig. VI-lla-c; re 


< 0.5). Similar comparisons of drift and 
benthic standing crops at the community level showed no such relationships 


(Fig. VI-lld). 
D. Native Fishes 
1. Introduction 


Fishes have been studied far more than any other group in Aravaipa Creek. 
Barber and Minckley (1966) first detailed the fauna, followed by a report on 
the biology of spikedace (Meda fulgida) in the stream (Barber et al. 1970) and 
notes on longfin dace (Agosia chrysogaster) (Minckley and Barber 1971). Gen- 
eral information on fishes in the system was published by Minckley (1973a) and 
Deacon and Minckley (1974). Schreiber (1978) reported on feeding inter- 
relationships, and Siebert (1980) studied movements of larger, long-lived 
species. Copies of the last two works are included herein as appendices E and 
F, Other information on the ichthyofauna has appeared in processed reports 


resulting from periodic surveys (Minckley 1972, 1973b; Schreiber 1975). 


2. Distributional and Taxonomic Notes 


All seven native fishes now occupying Aravaipa Creek were formerly more 
widespread and abundant in the Gila River system than they are today. Al] 
have suffered reductions in range, especially at lower elevations, as a result 
of water developments, desiccation, and interactions with introduced forms. 

The two suckers, Sonoran sucker (Catostomus insignis) and desert 


mountain-sucker (Pantosteus clarki) remain relatively abundant and wide 
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ranging. Both occur from the canal systems of the Phoenix Metropolitan Area 
upstream in the Salt, Verde, and Gila drainages to maximum elevations of ca. 
1,900 m (rarely to 2,000 m). Both species also are present in the upper parts 
of the Bill Williams River basin. 

Catostomus insignis is intimately related to Catostomus benardini of the 
Rio Yaqui system, southeastern Arizona and northern Sonora, Mexico (Hendrick- 
son et_al. 1981), and the two may represent well-marked subspecies of the same 
taxon. Smith (1966) considered mountain suckers of the Virgin and Pluvial 
White rivers as conspecific with P. clarki, and synonymized the genus 
Pantosteus as a subgenus of Catostomus. Minckley (1973) and Siebert and 
Minckley (1981) disagreed with the synonymization and retained Pantosteus as 
valid; mountain-suckers of the Virgin and White rivers have yet to be 
restudied. 

Sonoran suckers are inhabitants of pools, seeking cover beneath undercut 
banks, near boulders, or in stream-drifted debris during the day, but moving 
to shallows and rarely to riffles to feed at night. Desert mountain-suckers 
also inhabit pools when large, but are far more frequent in current on riffles 
and rapids when young. Adults typically move into swifter water to feed. 
Aravaipa Creek is about as small a stream as will support large populations of 
these two fishes. Both tend to be more abundant in larger creeks and smaller 
rivers, and neither persists in Arizona impoundments for more than a few 
years. | 

Longfin dace, one of the few fishes adapted for life in small, hot, low- 
desert streams in the American Southwest (Minckley and Barber 1971), ranges 
from at least the Rio Fuerte Basin, Sinaloa, Mexico, northward to the Bill 


Williams River drainage of Arizona (Minckley 1980). In the Gila River system 
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its altitudinal range resembles that of the suckers just discussed, but in New 
Mexico it has been taken at elevations of almost 2,300 m, and in coastal 
rivers of Mexico the species occurs near sea level (Hendrickson et al. 1981). 
Longfin dace swim actively over moving sand bottoms in runs of desert streams, 
but as large adults tend to move into deeper places along banks. The fish 
rarely occurs in swift water, but conversely seems to avoid conditions where 
currents are totally absent. 

Speckled dace (Rhinichthys osculus) is near the lower altitudinal limit 
of its range in Aravaipa Creek. It formerly occurred as low as Ca. 350 m in 
large streams such as the Salt River at Tempe, but now is generally above 
1,400 m, and reaches its greatest abundance higher than 1,800 m. Rhinichthys 
osculus is the most widespread species of fish in Western North America, 
ranging west of the Rocky Mountains from Oregon south to the Gila River basin, 
and occupying many isolated drainages within the Great Basin deserts (Hubbs 
and Miller 1948, Hubbs et al. 1974). As might be expected from this vast 
geographic range that results in pronounced isolation of numerous populations, 
a myriad of morphological forms has evolved. The form in Aravaipa Creek 
represents the nominal subspecies, R. 0. osculus, and as such is one of only a 
few remaining populations of that taxon. Remnant populations occur elsewhere 
only in Cave Creek, Chiricahua Mountains, and Sonoita Creek, near Patagonia, 
Santa Cruze County. Populations formerly in Babacomari Creek (the type 
locality), San Pedro River, and upper Santa Cruz River, now are gone. 
Speckled dace resembles longfin dace in its habitat requirements, but tends to 
live in swifter water over gravelly substrates. Large adults often are in 
Swifter water over gravelly substrates. Large adults often are in deeper runs 


and flowing parts of pools, and typically associated with cover. 


ety’) 


fe22n0> ni bas ft 006.8 S, Jzomts; Yo Bie 


iste ‘ 08,/ nenid soeng nobauds t2ateete 23 savas, von 8 HOM, 


rend asvih aff'd st od Mivea-nagend mort sal ssnvem NAIR Sag Yo 2294 

























; sud: vba22 ei. 
Oe i te 
LJ " » 7 


it ae os ¢ ais a ae iD ir apie 
wis fa. 39 noes tnbask) fovel. ast 1698 * 30 astoeqa 3 . ee 


7) 
- uy i 
Hise Jae2ab Yo envi nf emostzod one? gnrvae ewe “xfay tine : = 


| ae 
, 7 i -F : 7 
et einad vAOIG ze>61q Iseqesh sant von ts bags, eke oo £8 wee 
eine 
ee ee 
nottibaag blove of amsse VieetevAds Jud r9san Piet Prn2e a6 


/ 


.aneeds teins 8 


rout "awa! fs VSBenm ef | iutUIBO eydsratatag) 9265 bs hide 


a 


>.26 wo’ 26 baetqauaoe Yylisenot JI... .xees) aqhsvesA. nl sang 2 


on sud .eaeT 38 aevtR gfs2 edd 2s Hose awaeia 9 na 
a 
> 


ery: 
ter 10% nieteaW nf fle ‘oO 62ntoeae baarvgqeabiw te any re nfwage 


. 
Pm 
oy 
4 
_ 
cs 
Ce 
« 
= 
5 
2° 
3 
* 

Ae 


su) et ns heck 


~ 

is 
oy 
iA 
A 


20198 to nol tsfogt beonuonova af 2dTuzer ‘ens const age 


satevexA. 6 o> adi bexlove ean emo ie tgolodqnos to. 080 
1) sno ZI 76 ONG , zh lu: Oo .0 . ,2erosqzdue reitman at bios eas 
ae a on: 

1 2nor wood 26 Bi 0x63 Janz 10 er ob ye lwaog tat 
\ aa, es 
nupess te9n ,de9%), ettong2d bas , ant esnan, auasors to dean) ove lag 


sé¢dsh on uv! IshIO? and} ystygod : ome 8 a 
won .79via sud etas2  vagaL Dns vat ona mt 


ast tud .etnemevtupay, Is7hdon- 23) At, aonb nbronet satin abe Per 


yet ae oll 
wie netto.2tfubs gprs prvedue ’ tevere see 8 ys vim 


i es al tie 

eageb AE sab nedto. atiubs. so76  eatenda oe q 119, 10ND) 2 

\.Mevop Agtw ban eligors thesia “bi rit «21904 ‘ 
; : : a 7. z rae 


win 





165 


The loach minnow, Tiaroga cobitis, is endemic to the Gila River basin. 
This small species persists as a relatively large population in Arizona only 
in Aravaipa Creek. It was recently taken (1978) from the Blue River system by 
Arizona Game and Fish Department personnel, but has not otherwise been re- 
corded since the late 1960s from elsewhere in the state. Populations persist, 
however, in the upper Gila River drainage in New Mexico (Paul Turner, New 
Mexico State University, personal communication). Loach minnows live on 
shallow, gravel/rubble-bottomed riffles, typically in association with beds of 
filamentous algae such as Cladophora glomerata. 

Meda fulgida, the spikedace, is the second Gila River endemic that 
occupies Aravaipa Creek. As with the loach minnow, this species has become 
rarer in Arizona in the past few years, with confirmed populations occurring 
only in Aravaipa and in the Verde River, Yavapai County, near the inflow of 
Sycamore Creek (C. 0. Minckley collection, 1980). The species formerly 
occurred from Tempe, Arizona, upstream throughout the Gila River basin to an 
elevation of ca. 1,800 m. This species occupies flowing pools, and generally 
is in water less than a meter deep over sand, gravel, or mud bottoms. Con- 
centrations often are encountered at the downstream ends of riffles or in 
eddies near the upper ends of pools. Large groups are occasionally in 
relatively shallow water over gravel bottoms where currents are laminar in 
nature; turbulent areas seem generally avoided. 

Roundtail chub, Gila robusta, is the largest minnow in Aravaipa Creek, 
ranging to a maximum of 38.5 cm total length. This fish shares a high degree 
of morphological variability with speckled dace. The population in Aravaipa 
Creek was referred by Rinne (1976) to G. r. grahami, a form somewhat inter- 


mediate between G. r. robusta and the Gila chub, G. intermedia. Roundtai| 
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chub range from Sinaloa, Mexico, to the uppermost Colorado River basin. Gila 
r. grahami is distributed in the uppermost Gila River basin, mostly in New 
Mexico (where it is becoming exceedingly rare; LaBounty and Minckley 1972), 
southwest to Aravaipa Creek, then north to tributaries of the Verde River. 
Populations in the little Colorado River also were referred to G. r. grahami 
(Rinne 1976), but the fish is not now known to persist in that drainage, so no 
recent information is available. 

Roundtail chubs are characteristic of pools in intermediate to large 
streams. The species is secretive and closely associated with the largest, 
most permanent, and deepest water in a given reach of stream. One may often 
sample an extensive area finding no chubs, then suddenly discover a concentra- 
tion of the fish in such a special place. Chubs swim rapidly from place to 
place, and move long distances (Siebert 1980). They are known to move into 


relatively swift chutes and eddies, presumably to feed. 
3. Relative Abundance 


Figures for relative abundance of fishes are subject to considerable 
error. Collectors vary in efficiency, and many samples from Aravaipa Creek 
were made by beginning students in fisheries biology, a less-than-formidable 
sampling crew even when under strict supervision. Sampling devices also vary 
in characteristics and efficiency. Seines with meshes larger than 6.3 mm (bar 
measure) will allow a large percentage of loach minnows and spikedace to pass 
through. Seining with various meshes in Aravaipa Creek in 1976-77 produced 
81.3+11.4% as many fishes as was taken by electrofishing in the same places 
(range 62.0 - 93.8%), but only 63.1+14.9% of biomass (range 37.5 - 71.1%). 


Seines were least effective in catching larger fishes and benthic species such 
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aS mountain-sucker and loach minnow. Small and moderate-sized fishes and 
species living in mid-water habitats were thus selected for. Conditions also 
may vary, with swift currents and high turbidities in times of flood 
inhibiting efficiency of any collecting efforts. 

With these facts in mind I constructed Table VI-10 and Figure VI-12 from 
records available in the following sources: field notes of James R. Simon for 
1943 and Robert R. Miller for 1950, both on file at the University of Michigan 
Museum of Zoology; field notes of Elena T. Arnold for 1963, on file at Arizona 
State University; recalculation of data published by Barber and Minckley 
(1966); field notes of my own, W. E. Barber, and D. C. Williams, and collec- 
tions at Arizona State University for 1966-1970; recalculation of data in 
processed reports to the Bureau of Land Management and Defenders of Wildlife 
(Minckley 1972, 1973b, Schreiber 1975) for 1972-74; personal field notes and 
collections for 1973-75 and 1979; and data from the present study for 1976-78. 
Samples prior to 1974 were generally made by seines and after that year repre- 
sent composites of seining and electrofishing collections. 

Patterns of abundance of fishes within Aravaipa Creek are remarkably 
consistent (Table VI-10, Fig. VI-12). When direct comparisons are available, 
longfin dace are almost always most abundant downstream, below Aravaipa 
Canyon, and least abundant within the canyon. Speckled dace averaged twice as 
abundant above the canyon as within it, and rarely were present downstream, 
and loach minnow also tended to be most common in the uppermost segment. 
Sonora sucker, desert mountain-sucker, roundtail chub, and spikedace all 
tended to be most abundant within the canyon segment, but on the average were 
more abundant upstream when compared with lowermost reaches. As is to be 


detailed later, large fishes such as suckers and the chub move extensively in 
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Table VI-10. Relative abundance In percent of native fishes In Aravalpa Creek, Grahamand Pinal counties, Arizona; hybrids and Introduced species excluded. 
a 

Taxa 1943 1950 =: 1963 1964 1965 1966 1967 1969 1970 1972 1973 1974 1975 1976 1977 1978 1979 Mean Range 
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Relative abundance of native fishes in Aravaipa Creek, Graham 
and Pinal counties, Arizona, 1963-79; based upon data in Table 
VI-10. Vertical lines denote years of relatively high water 
yield in period of record (1966-79) from U.S. Geological Survey 


data. 
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Aravaipa Creek (Siebert 1980), thus confusing the patterns of abundance 
depending upon season. 

Major variations in discharge of Aravaipa Creek seemingly has little 
influence on abundance of individual species. A spectacular increase in 
abundance of longfin dace at the upstream end commenced during a protracted 
period of low flow following relatively high waters in 1967-68. This increase 
continued through higher waters of 1972-73, then a decline occurred in the 
period of drought between 1973 and 1978. Speckled dace remained rare from 
1965-66 through 1975, then increased spectacularly in relative abundance at 
the upstream stations and less so in the canyon segment. Meda fulgida appears 
to increase in relative numbers during or immediately after years of high 
water yield, roundtail chub tends to do the opposite, decreasing slightly in 
relative abundance during each of the three periods of high discharges. Loach 
minnow seems enhanced by low discharge, perhaps because of build-up of dense 
algal beds during such periods and high production of its special foods. 
Desert mountain-sucker has tended to become more important in the overall 
fauna almost since the beginning of records, with a tendency for declines 
after periods of high flooding perhaps being related to year-class strength; 
young of that species may require low flow and high algal biomass to survive 
in large numbers. Sonoran sucker shows no obvious pattern of relative abun- 
dance in the period of record, other than appearing to become more abundant 
within the overall fauna. | 

To further examine significance of relative abundance changes, data for 
1976-78 were converted to 109, + 1 to normalize non-random distributions. 
When treated in this manner (Table VI-11), there are no significant dif- 


ferences in up- to downstream relative abundance of most species within the 





A 4 
3 ee aah 
ema se a i 4 ed 


sonbbiikts to 8 





— “i 
* 
© hana) 


» - 4 a nL ae ee os 
si sttl-esd wignimese 4981) su hevErA bd 4 


sgvsdoe th nt Bh 
At S8hotont wslugstoeqes & .asfosae | Teue bv Tot ac sonst nar ‘a 
helssiIONg & PAI DeoNStMOS HHS MEenteqy wy is ‘S38 toot Aaa sn 



























‘8 


a. 
att J 


£4 54 EE ja. aes at 219764 byl yfowtyet 2 Pr ‘twat fot wer bot 8 aa 
7 -% Tu. 
iy nl 90 sntfosp & nond? SEN+S\OL Fo e58saw “dado deverans woe 


oO" ; ifame. saan be; KOS bet bas £1eL ngtwIs¢ 3gyo7 Yo-vorreg i 


it isioy af vinstusszoeee Hetseiant- nes’ 2} 2! pipe 


7 


7 : 
“a 
ois 


qs shbhpfu? she .tnempse poymes of¢ oP oe east bak enotaede memisegu & 
ea ete 4: bot heal 
' onirsatzab ,site > oft Ob Of sbaad duns fr wstemayae tery: " ie 


7 i to cond eq sects oft Yo fass pniawb sonehaude oh tor ' 
¥ ; 
ugoesc zqsdreq , sp xefoe tb wal ye deoasane: rye ni _ 

ee 


nq. dy bow ebolssqmbue path abed Nour 


ah 
—_ 


710% yn N39 39 o7 Seons 26n Adu? ht e708 


e2b19991 YO pntnatped sid spnig ‘feomls 6 


OFF gtd Ya ebotieg AsaTe 


x 

ww 
all 
> 
C=) 


BmoOTd fe riptt bog wolt wal aifupay \yent eat sage dst, ro 


4Ue NGTVONOE 21808 it iF 


. 


tag zuotvdo of @wong 41 


~ wp 


sb avon amd ved oF orinesags n6édd tad¢o .be0S7 Yo pot ieg wins :In na 
-enust (evo, 
>spteio sinebruds 9¥v%t6137 To eoasott Ingle oninass Sot 


ue j ‘ 7 


14 WY Hae 
F : 


> oe 


2nottudiaterh mobost-9on oxi fenon of * ‘ate ot outa ne 

‘th Jnsarttant2 an 976 a1aAT Le: sr) Seem a 

on ae ay ; ua Pa) 
edt nti¢iw getoeqe faum to sonebnuds ovata es awob BF 


beat 


171 


Table VI-1l. Relative numerical abundance (log + 1 of percentages + one 
standard error of the mean) of fishes above, withte, and below Aravaipa SO 
Aravaipa Creek, Graham and Pinal counties, Arizona, 1976-78, 











Taxa Above Within Below 
Agosia chrysogaster 3.94) +205628 2630174000385 Ve23404e+%0.622 
Rhinichthys osculus Pal 5Se + 00. 2580 Cribs 7.22s+4 0.608281 12004 r+ r02 019 
Meda fulgida 1.244 + 0.380 PS18 4208557 Fol.602 +40. 557 
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system (as indicated by broad overlap of standard errors). Rhinichthys 
osculus is significantly more abundant upstream than downstream, but such 
relations do not hold for other species. The common fishes, longfin dace and 
mountain-sucker, obviously are far more common than rarer species, but often 
not significantly so when standard errors are considered. Variance therefore 
over-rides trends if one adheres to a strict, statistical interpretation. 
Other measures of relative abundance within the system for the period of 


intensive study, 1976-78, are in Tables VI-12 - VI-13. 


4. Standing Crops 


a. Methodology. Electrofishing was used to estimate standing crops of 
fishes in Aravaipa Creek. Equipment consisted of a 110-volt, 1200-watt, 
generator and hand-held electrodes. Segments of stream were blocked up- and 
downstream by seines, and the reach was repeatedly electrofished until all 
fishes were removed. They were then counted and weighed, and data were 
converted to numbers or weight per mé, Ninty-nine percent, or more, of total 
numbers and biomass obtained in 6 to 10 "passes" through three separate stream 
segments was taken in the first three passes (Table VI-14), and that number 
was used throughout the study. Larger fishes (roundtail chub, mountain- 
sucker, and Sonora sucker) were most susceptible to the electrical field, and 
small, bottom-dwelling fishes (especially loach minnow and young mountain- 
suckers) were least effectively sampled. Only in the largest pools was the 
electrofishing unit obviously ineffective, where deeper water and often 
turbidity hampered recovery of stunned animals. 

b. Results. Mean numbers of fishes in various seasons and stream 


segments ranged from 0.13 to 5.99/m*, about half of which were longfin dace 
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Table VI-12. Frequency of occurrence (%) of fishes above, within, and below 
Aravaipa Gorge, Aravaipa Creek, Graham and Pinal counties, Arizona, 1976-78. 











Taxa Above Within Below Over-al] 
Agosia aniysagaster Ose 100.0 94.4 95.9 
Rhinichthys osculus 7 93.3 68.8 5.6 53.1 
Meda fulgida 40.0 81.3 blot ble 
Gila robusta 20.0 68.8 50.0 47.0 
Tiaroga cobitis EPS 62.5 £0ee Diu 
Pantosteus clarki 86.7 93.8 100.0 EIS! 
Catostomus insignis sits Hi 93.8 Mies pices 


catostomid hybrids 6.7 6.3 5.6 6.2 
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Table VI-13. Percentage abundance of fish species in collections in which 
they occurred above, within, and below Aravaipa Gorge, Aravaipa Creek, Graham 
and Pinal counties, Arizona, 1976-78. 





Taxa Above Within Below Over-al] 








Agosia chrysogaster 46.6 + 30.4 26.7 +17.8 49.5 + 28.3 40.9 + 26.6 
Rhinichthys osculus Digg 2ovsy glf.8 419.6 d.2+ 0,0 22.5 4 20.3 


Meda fulgida eee Ome Ont tice) we le Jet oe 1 ee 956 
Gila robusta ae was BURL. | ares Os 6/como.s 
Tiaroga cobitis 3a 7 2.7 6.0 49, 0.4 Ce sieoe tse) ake) urs ores 
Pantosteus clarki Be eo Moet eC. See sled) 026s Otel, 0 
Catostomus insignis Vee Cae. co Suge ilo. bets Ooo 1d. it 9.8 


catostomid hybrids tare #7 -0.0 ee te 0.0 eine se 0.534 20.6 
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Table VI-14, Percentages of total numbers (above) and weights (below) of 
fishes taken in consecutive “passes" of electrofishing apparatus in Aravaipa 
Creek, Graham and Pinal counties, Arizona, based upon sampling of three 
separate stream segments. 














Species "Pass" Number 
1 2 3 4 5 6-10 
Agosia chrysogaster 90.0 iS, Le Gel ---- O73 
Oa Ol 125 Trey ---- SERS) 
Rhinichthys osculus 86.8 es ---- 0.6 ~--- ra 
89.2 9.3 ---- O26 ---- 0.9 
Meda fulgida 88.7 2.4 ew | ---- 0.8 ete 
94.3 E26 IZ ---- 1.0 ---- 
Gila robusta 100.0 ---- cas fas ---- eee Seek 
100.0 =5— ayes ae Hoe: ee ie 
Tiaroga cobitis ne legs: 30.8 Ney ---- Lou ---- 
20.0 60.0 820 ---- 120) Sei 
Pantosteus clarki 91.0 6.6 ar 0.3 Oss OF 1 
92.4 5.4 0.7 G5 0.6 0.4 
Catostomus insignis SZ. 14.0 ceo Gey ---- ---- 
93.8 Zao 3.0 0.6 ees ee 
Total numbers and Spee 289 69 7 4 8 
weights (gm) WO laiAeteysen VNR EMG ae aN | Sete 2o,0 21.4 
Over-all] 89.5 8.0 sg Oe Ont OF2 
Percentages Oe 3.9 149 Deo Ds 2 OF2 


itee= less tnan 0,05 
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(34.5 to 56.3%; Table VI-15). About 20% consisted of desert mountain-suckers 
(11.2 to 36.3%), 15% were speckled dace (4.5 to 30.9%), and the other species 
comprised less than 10% each. Fishes were most abundant in summer and autumn, 
reflecting recruitment of young in spring. Fishes were markedly less abundant 
within Aravaipa Canyon in spring periods ean at other times, but were rather 
uniformly distributed in summer and winter. 

Comparison of populations of fishes in contrasting summer and winter 
seasons (Table VI-15) reveals marked differences in species composition in 
various stream segments. Longfin dace were absent or essentially so within 
the canyon segment in winter and spring, but made up about 40% of all fishes 
in that area in summer and autumn. Speckled dace were concentrated upstream 
in spring, then spread downstream into the canyon in other seasons. The chub 
and suckers tended to concentrate in the canyon in summer and appeared to 
disperse upstream in summer. Loach minnow and spikedace were consistently 
rare, and few generalizations are obvious from their obsolute or relative 
abundance. 

Biomass of total fishes in Aravaipa Creek is spectacularly high at some 
times of year, and vary significantly in different segments of the stream 
(Table VI-16). Total weights were greater above and below the canyon than 
within it in spring, autumn, and winter, but were far greater within the 
canyon than elsewhere in summer (Table VI-17). This was a direct result of 
movements of large fishes, principally suckers, into the canyon reach during 
warmer summer months, and out of that reach when temperatures ameliorated in 
winter (Siebert 1980). 

Few data are available on standing crops of fishes in Southwestern 


streams. Clarkson (1980) reviewed a substantial amount of literature, and his 
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Table VI-15. Numbers and relative abundance in percent of fishes /mé in electrofishing samples from Aravaipa 
Creek, Arizona, 1976-78; n + number of samples; area = total area samples (m ). 





1 Above Canyon Within Canyon Below Canyon Totals 
Season” and Taxon 
No. % No. % No. h No. vA 
Spring n = 4, area 490 n= 2, area 161 on = 3, area 452 nn = 9, area 1,093 
Agosia chrysogaster OF 56.6 ---- ---- 0.46 bi .0 0.54 5650 
Rhinichthys osculus Oo4/ 19.9 ---- ---- ---- ---- O2iZ ices 
Meda fulgida 0.03 ¥4 0.02 LIS 0.03 326 0.03 ze 
Gila robusta 0.01 6:7 Sees et af 0.5 0.01 1.0 
Tiaroga cobitis 0.03 (Agr ---- ---- CRs abate 0.02 rae | 
Pantosteus clarki 0.16 1176 0:09 64.2 0.24 S0,d 0.18 18.8 
Catostomus insignis 0.08 Deg 0.02 17.8 0.06 {eis 0.06 PES. 
Totals reo 99°75 a o939 0.79 100.0 0.96 100.1 
Summer n= 5, area 432 on = 8, area 703 n = 5, area 456 n = 18, area 1,591 
Agosia chrysogaster 0.43 38.7 0.44 36,8 P23 Of.0 0.66 49.2 
Rhinichthys osculus 0.43 382% 0.08 6.6 ---- ---- 0. BS lY<d 
Meda fulgida 0.01 0.9 0,09 7.4 0.10 5.5 0.07 b.d 
Gila robusta ---- ---- 0.07 5.8 0.04 Bek 0.04 220 
Tiaroga cobitis 0.03 BF 0.03 (oe Lies OuF eG e02 0.5 
Pantosteus clarki 0.19 Leet 0.36 294 0.25 is are 0.28 20.9 
Catostomus insignis 0.02 Nees 0.14 eels, 0.20 11.0 0.12 Geo 
catostomid hybrid ---- ---- ies OR ---- ---- Lise its 
Totals cus heb es beg! 100.0 1.82 100.0 1,34 JE, 
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@..b16 VI-15. Concluded. 


Above Canyon Within Canyon Below Canyon Totals 
Season and Taxon 
No. ve No. % No. % No. % 
Autumn n = 3, area 316 n= 4, area 773 n= 3, area 449 n= 10, area 1,538 

Agosia chrysogaster 2.94 49.1 Harare 43.4 Ih eas ete ke 0.96 brook 
Rhinichthys osculus 2,05 47.2 0.04 as ---- ---- 0.58 39 
Meda fulgida ---- ---- 0.07 13222)" 0; 04 fod 0.05 — fal 
Gila robusta ---- ---- 0.01 1.9 ---- ---- 0.01 Ons 
Tiaroga cobitis 0.02 ees 0.01 MSE 0.01 Om 0.01 OFS 
Pantosteus clarki 0.14 (ae Osis 24.5 0.49 33.0 0.21 Lez 
Catostomus insignis 0.06 IO 0.04 725 Olli Lege 0.06 hye 

Totals 599 oa Betsy ee) 1.46 100.0 1.88 100.1 

Winter n= 4, area 152 n = 6, area 492 n= 9, area 981 n = 19, area 1,625 

Agosia chrysogaster 0.30 £oed 0.06 eyes: 50 bor Usoo 34.5 
Rhinichthys osculus 0.06 Sel 0.14 13.5 Ge): Ose 0.05 4.5 
Meda fulgida 0.10 Siu atl 10.6 0.04 4.0 G207 6.4 
Gila robusta vem O20 aes 0.4 0.01 1.0 0.02 1.8 
Tiaroga cobitis 0.03 1.6 0.24 Cine Ves 0.2 0.08 Tet 
Pantosteus clarki iF09 STet O37 35.8 Gest 30.8 0.40 SOs 
Catostomus insignis 0.21 11.0 Disp | 10.6 0.08 8.0 OS FO See 
catostomid hybrid U201 0.5 ---- ---- Tre O32 kee ets 

Totals 1.91 100.0 1.03 SEAS, 1.00 100.1 Pere 100.1 





} Defined as recommended by Siebert (1980) on the basis of thermal characteristics of Aravaipa Creek: 


9 spring = April; aummer = May-September; autumn = October, and winter = November-March. 
Tr. = less than 0.05. 
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Table VI-16. Weights and relative abundance in percent of weight /mé in electrofishing samples from Aravaipa 
Creek, Arizona, 1976-78; numbers of samples and total areas sampled are in Table VI-15, and 
totals for each season are in Table VI-17. 











1 Above Canyon Within Canyon Below Canyon Totals 
Season and Taxon 
No. % No. % No. % No. v 
Spring 
Agosia chrysogaster Po OS5 Ger 429 ---- ---- Ay 20.0 1.50 Loo 
Rhinichthys osculus 0.48 3,0 ——- oe | ae sree, Gr2 2.8 
Meda fulgida 0.08 0.6 0.07 Zak 0.08 el 0.08 0.8 
Gila robusta i bayas) 9.6 ---- ---- 0.52 Pe 0.79 8.3 
Tiaroga cobitis 0.09 0.7 ---- ---- 0.01 Ol 0.04 0.4 
Pantosteus clarki 3.38 25.4 1.83 54.3 fale 28.8 2.66 mre eS 
Catostomus insignis 6.04 45.3 1.47 43.6 CoLO 42.9 4.23 44.4 
Summer 

Agosia chrysogaster 0.68 34.7 0.77 239 2.94 2629 1e37 8.8 
Rhinichthys osculus 0.82 41.8 0.18 0.7 ---- ---- 0.30 aryl 
Meda fulgida 0.01 O25 0.16 0.6 0.11 130 0.10 0.6 
Gila robusta ---- ---- 2.90 10.8 0.65 558 1.47 Ga5 
Tiaroga cobitis 0.05 2.6 0.06 Qs28. Trt Tes 0.04 0.3 
Pantosteus clarki 0.27 1328a-" 10762 39.8 4.26 38:3 6.01 38.6 
Catostomus insignis Os13 6367 ~ 12-00 44.8 3715 2020 6.24 40.1 
catostomid hybrid ---- ---- 0.04 Om ---- ---- 0.02 0.1 
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Table VI-16. 








Concluded. 





1 Above Canyon Within Canyon Below Canyon Totals 
Season and Taxon 
No. % No. % No. % No. % 
Autumn 
Agosia chrysogaster 5.0) 46.2 0.44 6.9 P30 ep 1.63 16.6 
Rhinichthys osculus oeUe 21.9 WR el ---- ---- 0.66 Saf 
Meda fulgida ---- ---- 0.12 r.9 0.05 0.3 0.07 0.7 
Gila robusta ---- ---- 033% 5.8 ---- ---- 0.19 [Exe] 
Tiaroga cobitis 0.02 0.2 0.01 One 0.02 OF4 0.01 Tak 
Pantosteus clarki PaGaL Pad Yet 2.28 34.6 Geog SOc 4.05 Al.3 
Catostomus insignis 0.44 4.1 So. Lc 49.6 5.16 34.6 3.19 S220 
Winter 
Agosia chrysogaster O.k2 ue OP3s r.9 eo 7.6 10 4.5 
Rhinichthys osculus 0.10 ae 0.26 1.4 0.01 tr: 0.09 0.4 
Meda fulgida 0.16 oe 0.19 i.0 Wee Ome A 0.4 
Gila robusta 6.91 10.5 Ue bps! 0.83 Sie) oe 4.8 
Tiaroga cobitis 0.06 Ost 03.35 ape, 0.01 cr. Oo1F vet 
Pantosteus clarki 38.87 o9/a3 9.1 50.37) 12,14 Sie) 13.84 5651 
Catostomus insignis P8508 28.4 liege! 41.9 6.60 S160 a Ws Rare 
catostomid hybrid Ossi boat ---- ---- LA tine 0.07 Ks 





: Defined as recommended by Siebert (1980) on the basis of thermal characteristics of Aravaipa Creek: 
May-September; autumn = October; and winter 
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spring = April; summer 


ar. 


= less than 0.05. 


November-March. 
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Table VI-17. Standing crops of total fishes (g/m? followed by one standard error of the mean) above, 
within, and below Aravaipa Gorge, Arizona, 
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. Defined as recommended by Siebert (1980) on the basis of thermal characteristics of Aravaipa Creek: 
spring = April; summer = May-September; autumn = October; and winter = November-March. 
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biomass comparisons from various studies are contrasted with data from 
Aravaipa Creek in Table VI-18. Only data from hot-desert sites, Bonita Creek, 
eastern Arizona (Clarkson 1980), Eagle Creek, eastern Arizona (Minckley and 
Clarkson 1979), and Tecopa Bore, California (Naiman 1974) are comparable to 
those from Aravaipa Creek. Mean biomass in Aravaipa Creek, 14.4 to 21.0 g/m? 
depending upon the stream section (Table VI-17), was less than half that 
recorded in Bonita Creek (46.7 g/m; Clarkson 1980), but is nonetheless 
comparable to Naiman's (1974) estimate of an annual standing crop of pupfishes 
at 1728 g/m (converted from kilocalories/m*), and higher than many of the 
maxima reported from other streams (Table VI-18), 

Numbers of individuals ranged between 0.3 and 50.8/m° in Bonita Creek and 
0.4 to Teeavine in Eagle Creek, again quite similar to the range of 0.6 to 


eye in Aravaipa Creek. Naiman (1974) separated pupfish (Cyprinodon 


nevadensis) that he studied into size classes, reporting juveniles at densi- 


tees Of 90. to 47 /m°, young adults as 8 to 148/m°, and large adults at 2 to 
1B me 


5. Foods and Feeding 


Schreiber (1978) detailed foods and feeding interrelations of fishes in 
Aravaipa Creek and his report is included as Appendix E. Food habits of the 
seven native species of fishes were examined over a 13-month period. Availa- 
bility of foods to the fishes was estimated by sampling benthic communities 
and stream drift. Three trophic patterns were present: herbivory by the 
mountain-sucker; omnivory by longfin dace; and carnivory by the remaining five 
species. Ephemeropteran nymphs were the predominant food of the carnivorous 


fishes, and of the omnivore, and were the dominant invertebrate in both 
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Table VI-18. Standing crops (g/m*) of fishes in desert and non-desert streams. The symbol "*" denotes data 
approximated from some other measure of standing crop; from Clarkson (1980) with modifica- 





tions. 
eee 
Localities Species Composition g/m? Sources 
SSE eae, Se Se eee ee eae we Me 
a ee eee 
Aravaipa Creek, AZ Agosia chrysogaster, Rhinichthys 0.8-120.6 Present study 
osculus, Meda fulgida, Gila robusta, 
Tiaroga cobitis, Pantosteus clarki, 
Catostomus insignis 
Bonita Creek, AZ A. chrysogaster, R. osculus, P. 0.3-166.8 Minckley and Clarkson (1979) 
Clarke insignis 0.4-149.9 Recalculated by Clarkson (1980) 
Eagle Creek, AZ Cyprinus carpio, Notropis lutrensis, 0.7-104.3 Minckley and Clarkson (1979) 
Pimephales promelas, A. chrysogaster, 
G.Srobustas Peactarkay C. insignis, 
Ictalurus melas, Lenatalisy—1. 
punctatus, Pylodictis olivaris 
Tecopa Bore, CA Cyprinodon nevadensis 4.2- 95.8% Naiman 1974 
Seven Springs, AZ A. chrysogaster, R. osculus, Gila 0.8- 9.6 Rinne 1975 
intermedia 
Sagehen Creek, CA A. trutta, S. gairdneri, 2.4- 6.4 Gard and Seegrist 1972 
Deer Creek, OR Oncorhynchus kisutch Oeg= 65-5 Chapman 1965 
Flynn Creek, OR Oncorhynchus kisutch 0.3- 4.9 Chapman 1965 
Needle Branch, OR Oncorhynchus kisutch Osa eas Chapman 1965 
Lawrence Creek, WI S. fontinalis Ves=e7 One McFadden 1961 


Valley Creek, MI 
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- fontinalis 4.0- 26.0* Elwood and Waters 1969 
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Table VI-18. 


Localities 


Valley Creek, 


Spring Creek, 


Kettle Creek, 


Spruce Creek, 


Young Woman's 
Creek, PA 


Cedar Run, PA 


Shaver Creek, 


Jordan Creek, 


Continued. 


2 


Species Composition g/m Sources 


MI S. fontinalis 7,.5- 14,8* Hanson and Waters 1974 


PA Wee lCultdweo.eGalranerl, -Seinus 39.6 McFadden and Cooper 1962 


fontinalis, Catostomus commersoni, 


Rhinichthys atratulus, R. cateractae, 
Semotilus corporalis, S. atromaculatus, 
Exoglossum maxillingua 








PA trutta, S. fontinalis, C. commer- 2555 McFadden and Cooper 1962 


S. 
soni, R. atratulus, R. cataractae, E. 


maxillingua, Campostoma anomalum, S. 
corporalis, S. atromaculatus, Notropis 
cornutus, Notemigonis chrysoleucus, 
Hybopsis micropogon, Noturus insignis, 
Etheostoma nigrum 


PA S. trutta, C. commersoni Coed McFadden and Cooper 1962 











Meet hULtaseoss ONL INals, Gs 15.0 McFadden and Cooper 1962 


commersoni, R. atratulus 


5S. trutta ee McFadden and Cooper 1962 


PA S. trutta, S. fontinalis, C. commer- ay McFadden and Cooper 1962 


soni, R. atratulus, R. cataractae, 


E. maxillingua, C. anomalum, S. 
corporalis, S. atromaculatus, 


H, micropogon 


he Ericymba buccata, Pimphales notatus, O55=283e5 Larimore 1955 
C. anomalum 
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Table VI-18. Concluded. 




















Localities Species Composition g/m Sources 
Pine River, Little S. trutta, S. gairdneri, S. 05-970; Shetter and Hazzard 1939 
Manistee River, fontinalis 
Bordman River, MG 
Riversvarty, U.K. S. trutta, S. salar, unknown (pe) en Horton et al. 1968 
Salmonid 
Walla Brook, U.K. Ss. trutta Os d=ae2.U Horton 1961; Horton et al 1968 
River Thames, U.K. Rutilus rutilus, Perca 47.6 Williams 1964 
fluviatilis, Alburnus alburnus, 
Leuciscus lueciscus 
Shelligan Burn, Oe tiMitta, seesalar 0° 7--19.3 Egglishaw 1970 
Scotland 
Horokiwi Stream, S. gairdneri Cen Allen 1951 


New Zealand 
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benthos and drift. When absolute densities and average individual body sizes 
of mayfly nymphs decreased dramatically, three fish species each shifted to a 
different alternate prey, and three others did not obviously respond. (One 
species, G. robusta, was not studied quantitatively.) Fishes which responded 
to alternate prey increased special feeding behavior and spatial partitioning 
of habitats. Those which did not respond remained as generalized feeders. 
Interspecific interactions related to feeding habits are probably minimal in 
Aravaipa Creek because of the abundance of food organisms and spatial 


segregation of the fishes. 
6. Movements and Movement Patterns 


Fishes were more abundant and more biomass was present within the central 
gorge of Aravaipa Creek in summer than outside, and vice versa in winter 
(Section VI - 4). Thus movements were indicated. Siebert (1980; see Appendix 
F) tagged about 2,100 roundtail chubs, desert mountain-suckers, and Sonora 
Suckers, and determined their movements to radiate seasonally from and toward 
the central gorge. Dispersal was from the canyon in winter and toward it in 
summer, the latter presumably in response to high water temperatures. Floods 
had little influence on movement patterns, and home ranges or territories were 


not evident for most individuals studied. 


ee Reproductive Notes 


Specific data have not been published on reproduction and reproductive 
behavior of most Aravaipa Creek fishes. Barber et al. (1970) dealt with 
spikedace and Minckley and Barber (1971) discussed reproduction by longfin 


dace. 
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a. Periodicity. Evidence for reproduction includes presence of breeding 
coloration or other secondary sexual features such as nuptial tubercles 
(especially in males), maturation of gonads, observations of spawning activi- 
ties, and finally, the presence of eggs and larvae. Data on such occurrences 
in Aravaipa Creek were gleaned from personal field notes and those of W. E. 
Barber and D. C. Williams, plus observations of numerous personnel in 1976-79 
(Table VI-19). Most species assume breeding colors in autumn and early 
winter, coincident with beginning of maturation of gonads. Coloration and 
tuberculation of males persists throughout winter, and is intensified with 
onset of spawning activities in spring and early summer. Females of most 
species appear to develop ova to the yolked stage in autumn, then hold final 
maturation until a few weeks prior to the spawning act. Young fish appear in 
winter (speckled dace, mountain-sucker) or spring-early summer (all other 
species). Longfin dace spawns throughout the year, but most successfully in 
spring and early summer and again in summer after cessation of summer rains. 

b. Habitat Selection. Fishes in Aravaipa Creek select relatively stable 
portions of the stream for reproduction. Shifting sand and other moving 
substrates are obviously unsuitable for deposition of ova. Most species spawn 
in moving water (Table VI-20), with even the two species that tend to deposit 
eggs in pool habitat (roundtail chub and longfin dace) seeking areas where 
slow currents are present. Four species, longfin and speckled dace, Sonora 
sucker, and desert mountain-sucker, place their ova within the substrate. 
Loach minnow attaches its adhesive eggs to the underside of cobble in a 
defined nest. Spikedace and roundtail chub scatter their eggs over clear 


gravel bottoms. 
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Table VI-19. Patterns of reproductive development and activity in fishes of Aravaipa Creek, Graham and Pinal 
counties, Arizona, based on field observations, 1966-79. Symbols: rectangles enclose princi- 
ple reproductive periods based on the various criteria, with hatched areas indicating most 
intensive periods of spawning; "X" denotes one or more records of the feature or activity in a 
Species, but no evidence of extensive reproduction or reproductive activity; and "-" indicates 
no evidence of reproduction. 




















Months 
Taxa 
J F M A M J J A S 0 N D 
Breeding Coloration and Tuberculation 
Agosia chrysogaster X Le SS Sees EX ee fe | hoes cae X X 
Gila robusta ee See er ee eee | - - - - X 
Meda fulgida X = a X 2 : : X 
Rhinichthys osculus la Xx. ee ee eae X - - - ee 
Tiaroga cobitis X 1 as hi 3 ae - - - - X 
Pantosteus clarki ea X i erased X X - - X X X ye 
Catostomus insignis ord NE ey Sod rays lg ed a dy : : X x x 
Mature Gonads 

Agosia chrysogaster X X Fess Fae Ae SES X X eae x x 
Gila robusta x X Sens nes GU a eae s : : ; 3 x 
Meda fulgida Seo a en Pe ee Ei 
Rhinichthys osculus Est ada X : : : : : Pinte 
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Table VI-19. Continued. 





Months 
Taxa 





Tiaroga cobitis eee a eee | 
Pantosteus clarki Las mie X X X - - - 7 X X 





Catostomus insignis eo as | ioe eer lex : E X X X 





Observations of Spawning Activities 


Tt nen arn nna enon 


Agosia chrysogaster X ed EEE mace an a etc ae ge X 
Gila robusta : s X aXe = : 2 : F . : 


Meda fulgida - - tb» Sodag ead by : : 3 2 : 


amin nn ce oa pee 


Rhinichthys osculus fe Sed X - - - = : . = be 
Tiaroga cobitis “ : a eo ee) ee [oe : e S . X 





Pantosteus clarki ak fa X | X = 2 es be E “e és 


Catostomus insignis ss E [ X eae el x = : Eg . : 


Presence of Eggs or Young 


Agosia chrysogaster - Se ee eee Se [xcs [ee x - 
Gila robusta 2 : Se t me X oe] eae X = z Z 2 < 2 





=< 


Meda fulgida : : Pie ae eee pee a Ket | aX - : : : : 
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Table VI-19. Concluded. 





Months 
Taxa 











Rhinichthys osculus X | See ae ES > Ce a 2 ns ‘ a ” 2 
Tiaroga cobitis - - - Ly X ra ates a ee y : 3 é - 








Pantosteus clarki ) eae sod ate Oy Goma fas fw rmsd | eX - - = = : - 


Catostomus insignis = X X (Xt oe hee ee bX X = 5 X 








061 





- a 


Table VI-20. Habitats used by fishes of Aravaipa Creek, Graham and Pinal counties, Arizona, for deposition 











of eggs. 
Reaches Depths Substrates Cover 
Taxa Oo 
[Way i Wa’ 
1) fe N ye 
7) oO G2 2 Y — o oO c “Lun wow 
CS — vp) oO (@) 0) — me) oO o OW e- 
—_— 4 wn S uy Ln N LY Ws qe) > aA — = oOo, fe & 
hee EE = Bape SO go mae eee 
See oe ed a fe Oe er W WwW £o =. ma oOo dc rao 
Agosia chrysogaster X X X X XeeaeX X 
Gila robusta X X X X X X X X X 
Meda fulgida X ifeX Ae OX XX =X X 
Rhinichthys osculus X X X X X X X X X 
Tiaroga cobitis X X X X X mx XX X 
Pantosteus clarki X X X X X X X X X X X 
Catostomus insignis X X X X X X X X X X X 
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C. Spawning Behavior. Most fishes in Aravaipa Creek display a 
generalized cyprinoid spawning behavior. Males aggregate in suitable areas 
and females move to them when ready to spawn. A female is joined by two or 
more males, which flank her and emit sperm as ova are released. Release of 
gametes is generally associated with a flurry of activity on the part of the 
Spawners, and this may serve to bury eggs within the substrate (suckers, 
speckled and longfin dace). Males of roundtail chub aggregate and move about 
over the substrate, tending to clear it of algae and debris. This presumably 
enhances placement of eggs. The spawning act of loach minnow has not been 


recorded. 
E. Introduced Fishes 


Unlike most natural waters of Arizona, Aravaipa Creek has yet to suffer 
from massive introductions of non-native fishes. Four species, yellow 
bullhead (Ictalurus natalis [Lesueur]), green sunfish (Lepomis cyanellus 
[Rafinesque]), largemouth bass (Micropterus salmoides [Lacepede!), and mos- 
quitofish (Gasbusia affinis Baird and Girard), have been recorded in the 
watershed. Only the two centrarchids, Lepomis and Micropterus, have been 
taken from the mainstream. The catfish was recorded in an adjacent pond by 
Barber and Minckley (1966), along with largemouth bass. Mosquitofish are used 
at Wood's Ranch for mosquito control in stock-watering tanks, and were presum- 
ably obtained from local public health agencies. Only the green sunfish 
builds populations in the stream, generally at the lower end, upstream to the 
vicinity of Virgus Canyon, and sometimes in pools in the mouths of tributary 


Streams. Flooding has consistently destroyed these populations. 
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One native species, the Sonoran topminnow (Poeciliopsis occidentalis 
Baird and Girard) has been repeatedly introduced into Aravaipa Creek by 
Arizona Game and Fish Department in an attempt to reestablish that species 
within its native range. These stockings have been unsuccessful over the long 
term, with severe flooding immediately following each attempt. 

Flooding in Aravaipa Creek may. preclude establishment of species intro- 
duced to date, but stream adapted species such as the red shiner (Notropis 
lutrensis [Baird and Girard]) almost certainly would establish and maintain 
seanteneate if brought into the area. Unfortunately, stocks of game fishes 
are often contaminated by other fishes, including red shiner. Personnel 
stocking fishes seldom are attentive to such problems; any introductions are, 
therefore, a threat. Stock tanks in the watershed present a major concern in 
this regard. Many are on private lands, and thus can be monitored and con- 
trolled only through cooperative agreements. If possible, introduced fishes 
of all kinds should be excluded from the watershed. 

Mosquitofish present a special problem. The species has been implicated 
in declines of numerous western fishes (Minckley 1973), and their establish- 
ment in the mainstream or tributaries of Aravaipa Creek is to be avoided. 
Public Health agencies in Arizona now introduce this species as a matter of 
course for mosquito control and should be contacted with respect to the 


Aravaipa Creek watershed. 
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VII. SUMMARY 


Aravaipa Creek, central Arizona, flows through a region of rugged, Basin 
and Range topography. Its central gorge and lower valley partially represent 
an ancient, antecedent channel. Its upper valley is dissecting a northwest 
extension of the Sulpher Springs Valley, a structural trough formed during 
mountain building processes. 

Climate of the area is arid and mild, with strongly bi-seasonal pre- 
cipitation in winter and mid-summer. Upper Aravaipa Creek flows through 
desert-grassland (Upper Sonoran Life-zone), where grasses are co-mingled with 
shrubs and scattered trees such as juniper. Downstream, desert-grassland 
grades into desertscrub of the Lower Sonoran Life-zone. Vegetation along the 
immediate stream is a warm-temperate, winter-deciduous woodland, characterized 
by a gallery forest of cottonwood, willow, sycamore, and other tall trees. 
Drier floodplains are dominated by winter-deciduous microphylls, such as 
mesquite. 

The stream seems similar today to photographs and published descriptions 
of 80-120 years ago. The upper part of the creek, near Klondyke, formerly was 
marshy and permanent where now incised and typically dry except in times of 
flood. Riparian forests were more massive in size and development in the 
past, but where made up of the same species of trees; young trees were abun- 
dant. Only one plant species evident in old photographs, the common reed, is 
now absent from the riparian community. 

Historical uses of the stream and its environs included intensive live- 
stock ranching from the late 1700s through the 1960s. Mining operations 


commenced in the 1860s, and smelting and concentrating of lead, zinc, and 


Silver ores were begun in the 1970s. These activities continued until the 
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1950s, when operations became limited to removal of sand, gravel, and rock, 
and local exploratory mining. 

Gradients of the channel of Aravaipa Creek vary from < 2.5 m/km near the 
source, to > 25 m/km within the gorge, and to < 5 m/km near its confluence 
with the San Pedro.River. Southwest-flowing tributaries are discordant to the 
mainstream and include series of falls along their courses. North-flowing 
tributaries are larger, receive more precipitation, and have high, but uni- 
form, gradients that enter Aravaipa Creek in an accordant fashion. 

Within the gorge the stream is narrower than elsewhere, deeper on the 
average and at a maximum, and has less surface area and volume per unit 
length. It typically flows in a single channel, with a large percentage of 
rapids, and is heavily shaded. Outside the canyon the channel is wider and 
shallower but has more surface area and volume per unit length. Pools are 
shallower, but more common, and rapids are scarce. Percentage shading is 
greatly reduced, and the stream occupies an often-braided channel. 

The stream flows over unconsolidated, poorly-sorted sand, gravel, cobble, 
and boulder. Floods originating in the upper, alluviated valley carry large 
volumes of silt and sand, whereas those from montane tributaries transport 
larger materials such as gravel and boulders. Types and origins of flooding 
thus have vastly different effects on the system. Alternating “sanding in" of 
pools is followed by degradation, to re-create a pool-riffle-pool habitat 
sequence. 

Average stream flow in Aravaipa Creek is 2,530 ana 61.3% of which 
occurs in winter and 3.87% in summer. Most winter outflow is in February- 
March, and August yields most water in summer. Summer base flows are bimodal, 


0.14 m/s, and 0.28 neve The first presumably reflects base flow of the 
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aquifer less irrigation demands, and the second is actual base flow. Winter 
discharges tend to be uni-modal, a bit higher than the higher mode of summer. 
A eES results from greater winter precipitation, lower rates’ of 
evapotranspiration, and reduced irrigation. 

Water passage into and out of the unconsolidated sediments of the creek 
bed produces marked up- to downstream variation in surface discharges. Only 
in places where bedrock is near the surface can reliable estimates of dis- 
charge be made as a matter of course. 

Relationships of precipitation on the watershed and stream discharge were 
poorly correlated in winter, but highly so in summer. The average water yield 
of the stream is about 5.5% of available precipitation. 

Annual means of water temperature in Aravaipa Creek tended to be higher 
than mean air temperatures in autumn, winter, and spring and lower than mean 
air temperature in summer. Maximum diel temperature variation was 12.6° C in 
summer and 11.5° in winter. Rates of heating ranged to > ies aes in 
summer, beginning abruptly as light impinged upon the water surface at sun- 
rise. Heavily shaded segments of the stream were significantly cooler than 
unshaded reaches. 

Turbidities were low in Aravaipa Creek in all but periods during and 
immediately following floods. Suspended sediment loads of flood waters were 
high and variable and differed in composition depending upon origin of water. 
Flooding from the upper valley contained high percentages of colloids, and 
those from uplands did not. 

Shading of the water surface is a significant factor in Aravaipa Creek. 


North-facing cliffs reduced light to < 5.0% of that present at midday in 


Summer. Riparian trees reduced light at the water surface by 50 to 80%, 
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Penetration of light was 90% to the stream bottom except during flood. Angle 

of incidence in late evening and early morning reduced this only to 40-60%, 

partially as a function of refraction produced by surface turbulence. 
Dissolved concentrations of major cations and order of their abundance in 


Aravaipa Creek were rather typical of Sonoran Desert streams, Cacwes: Nata 


Mg > Ke Major anions were as follows: HCO. > CO. > Ue eC 
Except for Horse Camp Canyon where Mg’ exceeded Na’, chemistry of all 
tributaries resembled that of the mainstream. 

Microchemical studies of dissolved heavy metals indicated that with the 
exception of Hg’! no element studied in the mainstream of Aravaipa Creek 
exceeded national or international water standards. ce approached the 
maximum recommended concentration for "sensitive" species of freshwater 
organisms. Dissolved metals in tributaries for the most part also met recom- 
mendations for water standards: coees un 18 cd, and Ph were generally 
low and relatively stable in time and space. Mn, Fara and ne however, 
were highly variable. Turkey Creek had Mn’ that regularly exceeded standards 
for domestic water supplies. The single sample from Bear Canyon had Fea that 
exceeded all standards, and water in Horse Camp Canyon exceeded the standard 
for aquatic life in August. An unnamed tributary exceeded recommended stan- 
dards for Hg in domestic water supplies, and all tributaries had more Hoa 
than is recommended for aquatic organisms and wildlife uses. 

Mean concentrations of total metals in Aravaipa Creek were in all in- 
stances substantially higher than dissolved levels (to 50 fold). Highest 
particle-bound loads were associated with turbidity during floods.  Tribu- 


taries, with some exceptions, were less extreme in total metals than the 


mainstream. This may, however, be an artifact of more comprehensive sampling 
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of the channel. The major exception was Hell Hole Canyon, where total concen- 
trations for Cre. Chae Cdiee fom. Mn’, Phu. and Zia were from 20 to 
more than 10,000 times dissolved levels during high discharge and turbidity. 
High particle-bound amounts of heavy metals may be attributable to mine 
seepage and exposed mine wastes in the watershed. 

Dissolved oxygen concentration in Aravaipa Creek varied inversely to 
seasonal water temperatures, and in periods of high productivity varied 
positively with daytime light. In periods of low productivity, nighttime 
oxygen concentrations exceeded those in daylight hours. During periods of 
high productivity, oxygen was supersaturated in daytime, despite turbulence of 
the stream. Community respiration at night likewise lowered oxygen levels to 
Substantially below saturation on occasion, although never to a level critical 
to the biota. Low dissolved oxygen was associated with flash flooding and 
periods of biomass deterioration; reasons for the first relationship are 
obscure and merit further study. 

Specific conductance in Aravaipa Creek ranged between 158 and 510 umhos/ 
cm, with means for 24-hour studies generally falling between 430 and 480 
umhos/cm. Grand means for paired sampling periods up- and downstream from the 
gorge were 447.8 and 434.9 umhos/cm, respectively, with the lower value 
downstream reflecting precipitation of certain ions, input of local rainfall, 
or inflows from more dilute tributary canyons. 

The lowermost reach of Aravaipa Creek was invariably higher in pH than 
the upper reach, and values were lower in summertime and at night than in 
winter and during daylight hours. 

Of the macronutrients, PO,-P was relatively constant in concentration up- 


to downstream, before and after floods, and throughout the year. NO.-N, on 
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the other hand, was always lower downstream than in upper reaches, higher 
after periods of high flow, and lower after periods of low flow when produc- 
tivity was high in both the upper and lower reaches. The system would be 
NO.-N-limited if nacronutrients were in short supply. 

Forty-eight algal genera were identified from Aravaipa Creek. The 
community is dominated by diatoms and the green alga Cladophora glomerata. 
Standing crops of periphyton was significantly higher in relatively unshaded 
reaches above and below Aravaipa Canyon than those within the shaded gorge. 
Flooding essentially removed algae from the system. The encrusting community 
recovered quickly after floods, increasing its biomass by 18 to 43 times 
within the first 30 days, and attaining or exceeding pre-flood conditions 
between 16 and 45 days after a spate. Cladophora was slower in recovery, 
increasing biomass 8.5 to 20 times in 30 days, and becoming most luxurient 45 
to 90 days after a flooding event. Standing crops of algae in unshaded parts 
of the stream exceeded reported values for temperate streams. 

Detrital materials were most abundant in Aravaipa Creek after flooding, 
becoming comparable in standing crops to those of periphyton after periods of 
low discharge. Downstream export reduced standing crops of detritus by about 
70% in 16 to 45 days after a flood. 

Benthic invertebrates are rich and diversified in the Aravaipa Creek 
system, and a total of 133 taxa (109 insects) were recorded. Greatest numbers 
of individuals and taxa and greatest biomass were present in late winter and 
spring, followed by a consistent decline during summer rains and flooding. 
Numbers and biomass recovered quickly, generally achieving pre-flood con- 
ditions by 45 to 90 days after disruption. Recovery time depended upon 


frequency of previous flooding. After a single spate, density and biomass 
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could achieve pre-flood levels within 15 days, but repeated floods resulted in 
longer periods required for recovery. 

Of organisms collected in drift samples, only baetid and trycorythid 
mayflies and chironomid dipteran larvae and pupae were present in all samples 
on all sampling dates. Numbers of those animals in drift and in the benthos 
correlated roughly, but no relationship existed between weights in drift and 
those in the benthic community. 

All seven native fishes now occupying Aravaipa Creek were formerly more 
widespread and abundant in the Gila River system than they are today. All 
have suffered reductions in range, especially at lower elevations, as a result 
of water developments, desiccation, and interactions with introduced forms. 
Patterns of abundance of fishes within the stream have been remarkably consis- 
tent since the 1940's. When direct comparisons are available, longfin dace 
almost always are most abundant downstream, below the gorge, and least abun- 
dant within the gorge. Speckled dace averaged twice as abundant above the 
gorge as within it and rarely occur downstream. Loach minnow tend to be most 
common above the gorge. Sonora sucker, desert mountain-sucker, roundtail 
chub, and spike dace all tended to be most abundant within the gorge, second 
upstream, and least abundant downstream. 

Biomass of total fishes in Aravaipa Creek is spectacularly high at some 
times of year, and varies significantly in different segments of the stream. 
Total weights/unit area were greater above and below the gorge than within it 
in spring, autumn, and winter, but were far greater within the gorge in 
summer. Biomass and numbers of fishes in Aravaipa Creek are substantially 
higher than those reported from temperate and high-altitude streams, but 


compare favorably with other low-desert systems. 
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Fishes in Aravaipa Creek exhibit three trophic patterns: herbivory by 
the mountain-sucker; omnivory by longfin dace; and carnivory by the remaining 
five species. Ephemeropteran nymphs were the major food of all carnivorous 
fishes and of the omnivore, and were the dominant invertebrate in both benthos 
and drift. Interspecific interactions related to feeding habits of fishes are 
probably minimal in Aravaipa Creek because of the abundance of invertebrates 
and spatial segregation of the fishes themselves. 

Dispersal of tagged fishes was from the central gorge in winter and 
toward it in summer. Movement into the shaded reach presumably reflected an 
avoidance of high water temperatures in more open portions of the stream. 
Flooding had little influence on movement patterns. 

Most fishes in Aravaipa Creek assume breeding colors in autumn and early 
winter, then spawn in spring and early summer. All select relatively stable 
portions of the stream for reproduction. Most species display a generalized 
cyprinoid spawning behavior, males aggregating in suitable areas and females 
moving to them when prepared to spawn. 

No alien fish species introduced into Aravaipa Creek has yet established 
a reproducing population for more than a year or two. Flooding appears to be 
too severe for species such as green sunfish and largemouth bass. However, 
stream-adapted species now occur in the vicinity, and their introduction into 


the system is to be avoided. 
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Appendix A 
CATALOGUE OF VASCULAR PLANTS OCCURRING 


IN THE ARAVAIPA CREEK PRIMITIVE AREA 


Several collecting trips were made through the Aravaipa Canyon 
Primitive Area during the course of a year. In order to identify 
the flora of Aravaipa Creek from the confluence of Turkey Creek to 
Woods Ranch and adjacent hillsides, with the listing expanded to 
include specimens from above and below these boundaries. Plant 
species were recorded according to personal observation and those 
specimens collected and processed were deposited at-the Desert 
Botanical Garden herbarium (DES) Phoenix, Arizona. Identifications 
were made according to Kearney et al. (1960), except for Cactaceae 
which followed Benson (1969). Certain other groups are treated 
according to recent revisions and monographic treatments (Lehr 1978). 

The vascular flora listed for the Aravaipa Creek Primitive Area 
consists of 150 species in 128 genera representing 58 families. Each 
species is grouped by family and followed by its author and common 
name, if available. The sequence of families follows that of Kearney 
and Peebles in Arizona Flora and the genera within each family are 
arranged by alphabetical order. All species listed have been reviewed 
for recent taxonomic revisions according to Lehr (1978) and their most 
current synonomy has been included. Plant specimens that were not in 
flower could not be keyed to species and are therefore listed in the 
catalogue at the generic level only. They were included in an effort 
to make the catalogue as complete as possible, fully realizing that 
it at best represents’a partial list of thesactual flora for the 


Aravaipa area. 
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DIVISION: PTERIDOPHYTA. Ferns and Fern Allies 
POLYPODIACEAE. Fern Family 
Adiantum capillus-veneris L. Southern maidenhair fern 
Asplenium resiliens Kunze. Small spleenwort 
Cyrtomium auriculatum (Underw.) Morton. 


Thelypteris puberula (Baker) Morton var. sonorensis A. Reid Smith. 


DIVISION: SPERMATOPHYTA. Flowering Plants 
CLASS: GYMNOSPERMAE 
CUPRESSACEAE. Cypress Family 
Juniperus monosperma (Engelm.) Sarg. One-seed juniper 
CLASS: ANGIOSPERMAE 
SUBCLASS: MONOCOTYLEDONEAE 
TYPHACEAE. Cat-tail Family 
nypna sp. -/Cattail 
GRAMINEAE. Grass Family 
Bromus rubens L. Red brome 
Cynodon dactylon (L.) Pers. Bermuda grass 
Schismus barbatus (L.) Thell. Mediterranean grass 
LEMNACEAE. Duckweed Family 
Lemna sp. Duckweed 
AGAVACEAE. Agave Family 
Agave chrysantha Peebles. Century plant 
Dasylirion wheeleri Wats. Desert spoon, sotol 
Nolina microcarpa Wats. Beargrass 
SUBCLASS: DICOTYLEDONEAE 


SALICACEAE. Willow Family 


Biot JA 2° Snetodoe tev pee “Got a 


tenn ling 


my 





forge . ceo ee tin 








“j q, “a onic. ng 
5 rs ":) 
stureseg shes ae | 
ay n a roe fe 
ro wt ct 7 a aa: 


yay, ee, c4e ip + 
eoaalt anbiewolt ae Ae ae 














n , WA 
eT on +e Led the a q = .- 
See Tyy dad DAeaRM 
¥ aot 
tec! > Vet ee 2 r a STR SG wags 
rs prcsacaat espe eka 
\ - 
M 
a e . pai re "\ 
‘ 
~~ * 77, re ryt 7 yy 4 
: ets iat Gast " ¥ . GF salt 
j 
~ ” 1 r he 
re Wits 131 
va ae + 
wer ye 4 
4 i ae 
t ow) [Made 
og! Dek.) 
{ * 
+ 


fe ic Vishwa yi’ Sate Al Mitel 


Y ie ; : Vm an {+ aA RAVADA ce mt 


i n' 
é 


Tosl. wayne). ,selcaeh 





217 


Populus fremonti Wats. Fremont cottonwood 
Salix bonplandiana H.B.K. Bonpland willow 


Salix gooddingii Ball. Goodding willow 


JUGLANDACEAE. Walnut Family 


Juglans major (Torr.) Heller. Arizona walnut 


FAGACEAE. Beech Family 


Quercus turbinella Greene. Scrub oak 


Quercus sp. 


ULMACEAE. Elm Family 


Celtis pallida Torr. Desert hackberry 


Celtis reticulata Torr. Net-leaf hackberry 


MORACEAE. Mulberry Family 


Morus microphylla Buckl. Texas mulberry 


VISCACEAE. Mistletoe Family 


Phoradendron californicum Nutt. Desert mistletoe 


Phoradendron tomentosum (DC.) Gray (P. flavescens (Pursh) Nutt.). Inierto 


POLYGONACEAE. Buckwheat Family 


Eriogonum abertianum Torr. 
Polygonum lapathifolium L. Willow smartweed 
Polygonum sawatchense Small. 


Rumex sp. Dock 


CHENOPODIACEAE. Goose Foot Family 


Atriplex canescens (Pursh) Nutt. Four-wing saltbush 


Salsola iberica Sennen and Pau (S. kali L. var. tenuifolia (Tausch) 


Aellen). Russian thistle, tumbleweed 


AMARANTHACEAE. Amaranth Family 
Amaranthus fimbriatus (Torr.) Benth. Fringed amaranth 
NYCTAGINACEAE. Four O'Clock Family 


Allionia incarnata L. Trailing four o'clock 
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PHYTOLACCACEAE. Pokeberry Family 
Rivina humilis L. Rouge plant, coralito 
BERBERIDACEAE. Barberry Family 
Berberis trifoliata Moric. Algerita 
CRUCIFERAE. Mustard Family 
Lesquerella gordoni (Gray) Wats. Gordon bladderpod 
Lesquerella purpurea (Gray) Wats. 
Nastuntium officinale L. Water-cress 
Sisymbrium irio L. London skyrocket 
PLANTANACEAE. Plane Tree Family 
Plantanus wrightii Wats. Arizona sycamore 
CROSSOSOMATACEAE. Crossosoma Family 
Crossoma bigelovii Wats. Bigelow ragged rock flower 
ROSACEAE. Rose Family 
Prunus sp. 
LEGUMINOSAE. Pea Family 
MIMOSOIDEAE. Mimosa Subfamily 
Acacia constricta Benth. White-thorn acacia 
Acacia greggii Gray var. arizonica Isley (A. greggii Gray). Catclaw 
Calliandra eriophylla Benth. Fairy duster 
Desmanthus sp. Bundleflower 
Mimosa biuncifera (Benth.) Britt. and Rose. Wait-a-minute bush 


Prosopis velutina,, Woot. (P. juliflora (Swartz) DC. var. velutina 
(Woot.) Sarg.). Velvet mesquite 


CAESALPINIOIDEAE. Senna Subfamily 
Cassia covesii Gray. Desert senna 
Cercidium floridum Benth. Blue paloverde 


Cercidium microphyllum (Torr.) Rose and Johnst. Yellow or little-leaf 
paloverde 
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PAPILIONOIDEAE. Bean Subfamily 


Amorpha fruticosa L. var. occidentalis (Abrams) Kearn. and Peeb. Bastard 
indigo 


Astragalus sp. Loco weed 
Lotus rigidus (Benth.) Greene. Desert rock pea, deer vetch 
Lupinus sp. Lupine 
Medicago sativa L. Alfalfa 
Trifolium sp. Clover 
GERANIACEAE. Geranium Family 
Erodium cicutarium (L.) L'Hér. Heron-bill 
OXALIDACEAE. Wood Sorrel Family 
Oxalis sp. 
ZYGOPHYLLACEAE. Caltrop Family 
Larrea divaricata Cav. Creosote bush 
RUTACEAE. Rue Family 
Choisya arizonica Standl. Star-leaf 


Ptelea trifoliata L. subsp. angustifolia (Benth.) V. L. Bailey (P. 
angustifolia Benth.). Narrowleaf hoptree 


MALPIGHIACEAE. Malpighia Family 
Janusia gracilis Gray. 

EUPHORBIACEAE. Spurge Family 
Acalypha ostryaefolia Riddell. Hornbeam three-sided mercury 
Croton texensis (Klotzsch) Muell. Arg. Dove-weed 
Euphorbia sp. Spurge 

SIMMONDSIACEAE. Jojoba Family 


Simmondsia chinensis (Link) Schneid. Jojoba (usually included in the 
Family Buxaceae ) 


ANACARDIACEAE. Cashew Family 


Rhus radicans L. var. rydbergii (Small) Rehder. Poison Ivy 





Rhus trilobata Nutt. Skunk-bush, squaw-bush 
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ACERACEAE. Maple Family 
Acer negundotiie var. interius *(Britt.) Sarg. Box.elder 
SAPINDACEAE. Soapberry Family 


Sapindus saponaria L. var. drummondii (Hook. and Arn.) Benson. 
Western soapberry 


MELIACEAE. Melia Family 
Melia azedarach L. China-berry tree 

RHAMNACEAE. Buckthorn Family 
Rhamnus californica Esch. subsp. ursina (Greene) Wolf. California buckthorn 
Rhamnus crocea Nutt. var. ilicifolia (Kell.) Greene. Hollyleaf buckthorn 
Sagereita wrightii Wats. 


Zizyphus obtusifolia (Hook. ex Torr. and Gray) Gray var. canescens (Gray 
M. C. Johnst. (Condalia lycioides (Gray). Graythorn 


VITACEAE. Grape Family 
Vitis arizonica Engelm. Canyon grape 
MALVACEAE. Mallow Family 
Anoda cristata (L.) Schlecht. Spurred anoda 
Malva parviflora L. Cheeseweed 
Saphaeralcea ambiqua Gray. Desert mallow 
TAMARICACEAE. Tamarix Family 
Tamarix pentandra Pall. Saltcedar 
PASSIFLORACEAE. Passion Flower Family 
Passiflora mexicana Juss. Passion flower 
CACTACEAEs Cactus. Family 


Cereus giganteus Engelm. (Carnegiea gigantea (Engelm.) Britt. and Rose). 
Saguaro 


Echinocereus spp. Hedgehog 
Ferocactus wislizenii (Engelm.) Britt. and Rose. Fish-hook barrel 
Mammillaria spp. Pincushion 


Opuntia acanthocarpa Engelm. and Bigel. Buckhorn cholla 
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Opuntia fulgida Engelm. Chain-fruit cholla 


Opuntia kleiniae DC. var. tetracantha (Toumey) W. T. Marshall 
(O. tetracantha) Toumey. Klein cholla 


Opuntia leptocaulis DC. Christmas cactus 
Opuntia phaeacantha Engelm. 


var. discata (Griffiths) Benson and Walkington (0. engelmanni Salm-Dyck). 
Engelmann prickly pear 


var. laevis (Coult.) L. Benson (0. laevis Coult.). 
Opuntia stanlyi Engelm. Devil cholla 
ONAGRACEAE. Evening Primrose Family 


zauschneria californica Presl subsp. latifolia (Hook.) Keck. 
Hummingbird trumpet 


UMBELLIFERAE. Parsley Family 
Bowlesia incana Ruiz and Pavon. Hairy bowlesia 

PRIMULACEAE. Primrose Family 
Anagallis arvensis L. Scarlet pimpernel 

PLUMBAGINACEAE. Plumbago Family 
Plumbago scandens kL. Leadwort 

FPOUQUIERIACEAE. Ocotillo Family 
Fouquieria splendens Engelm. Ocotillo 

OLEACEAE. Olive Family 


Fraxinus pennsylvanica Marsh. subsp. velutina (Torr.) G. N. Miller. 
Velvet ash 


ASCLEPIADACEAE. Milkweed Family 
Asclepias linaria Cav. Milkweed 

CONVOLVULACEAE. Morning Glory Family 
Cuscuta sp. Dodder 

POLEMONIACEAE. Phlox Family 


Phiox ténuifolia 8. Nels. 
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VERBENACEAE. Vervain Family 
Verbena sp. Vervain 
LABIATAE. Mint Family 
Marrubium vulgare L. Horehound 
Salvia amissa Epling. Sage 
Stachys coccinea Jacq. Texas betony 
SOLANACEAE. Potato on Night shade Family 
Datura meteloides DC. Sacred datura, jimson weed 
Lycium pallidum Miers. Wolfberry 
Nicotiana glauca Graham. Tree tobacco 
Petunia parviflora Juss. Wild petunia 
Physalis acutifolia (Miers) Sandw. (P. wrightii Gray). Wright ground cherry 
Solanum douglasii Dunal. Nightshade 
SCROPHULARIAECEAE. Figwort Family 
Maurandya antirrhiniflora Humb. and Bonpl. Blue snapdragon vine 
Mimulus dentilobus Robins. and Fern. Monkey flower 
Veronica anagallis-aquatica L. Water speedwell 
ACANTHACEAE. Acanthus Family 
Carlowrightia arizonica Gray. 
RUBIACEAE. Madder Family 
Cephalanthus occidentalis L. var. californicus Benth. Button bush 
Galium aparine L. Bedstraw 
CURCURBITACEAE. Gourd Family 
Marah gilensis Greene. Wild cucumber 
CAMPANULACEAE. Bellflower Family 


Lobelia cardinalis L. subsp. graminea (Lam.) McVaugh. Cardinal flower 
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COMPOSITAE. Sunflower Family 
Acourtia wrightii (Gray) Reveal and King (Perezia wrightii Gray). Brownfoot 


Ambrosia ambrosioides (Cav.) Payne (Franseria ambrosioides Cav.). Canyon 
ragweed 


Ambrosia confertiflora DC. (Franseria confertiflora (DC). Rydb.). 
Slimleaf bursage 


Ambrosia deltoidea (Torr.) Payne (Franseria deltoidea Torr.). Triangle-leaf 
bursage 


Artemisia ludoviciana Nutt. Sagebrush 

Aster subulatus Michx. var. ligulatus Shinners (A. exilis Ell.). Aster 

Baccharis salicifolia (Ruiz and Pavon) Pers. (B. glutinosa Pers.). Seep willow 

Baccharis sarothroides Gray. Desert broom 

Baileya multiradiata Harv. and Gray. Desert marigold 

Bebbia juncea (Benth.) Greene. Chuckawalla's delight 

Bidens pilosa L. Bur marigold 

Brickellia californica (Torr. and Gray) Gray. Pachaba, brickel bush 

Encelia farinosa Gray. Brittle bush 

Ericameria cuneata (Gray) McClatchie var. spathulata (Gray) Hall 
(Haplopappus cuneatus Gray var. spathulata (Gray) Blake). Desert rock 
golden bush 

Erigeron divergens Torr. and Gray. Spreading fleabane 

Erigeron oreophilus Greenm. 

Gnaphalium sp. Cudweed 

Haplopappus spinulosus (Pursh) Dc. 

Haplopappus tenuisectus (Greene) Blake. Burroweed 

Helenium thurberi Gray. Sneeze weed 

Hymenoclea monogyra Torr. and Gray. Burro bush 

Hymenothrix wislizenii Gray. 

Hymenothrix wrightii Gray. 


Hachaeranthera sp. sensu Cronquist and Keck 
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Perityle lemmoni (Gray) Macbride (Laphamia lemmoni Gray and L. dissecta 


Torr. sensu Kearn. and Peeb.). 
Porophyllum gracile Benth. Odora 
Psilostrophe cooperi (Gray) Greene. Paperflower 


Solidago wrightii Gray. Goldenrod 


Stephanomeria pauciflora (Torr.) A. Nels. Desert straw 


Viguiera multiflora (Nutt.) Blake. Golden eye 


Xanthium strumarium L. (x. saccharatum Wallr.). Cocklebur 
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SUMMARY BY MAJOR TAXA OF THE 

















(> KNOWN VASCULAR FLORA OF ARAVAIPA CREEK PRIMITIVE AREA 
Major Taxa Families Genera Species 
Pteridophyta al 4 4 
Spermatophyta 
Gymnospermae ai a a 
Angiospermae 
Monocotyledonae 4 8 8 
Dicotyledonae a2 115 £37 
Totals 58 128 150 
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LIST OF AUTHOR NAME ABBREVIATIONS 


Gs 


J 


N. 


Bentham 

Bigelow 

Le Britton 

L. Britton and J. N. Rose 

B. Buckley 

J. Cavanilles 

M. Coulter 

P. de Candolle 

ELLiot 

Engelmann 

Re bsechscholtz 

L. Fernald 

M. Greenman 

W. H. von Humboldt 

H. Harvey 

J. Hooker 

J. Hooker and G. A. W. Arnott 
W. H. von humboldt and A. J. A. Bonpland 
J. von Jacquin 

M. Johnston 

C. Johnston 

L. de Jussieu 

H. Kearney and R. H. Peebles 
Kellogg 

Linnaeus 

B. de Lamarck 


L. L'Héritier de Brutelle 








aS LG t-2 k 


ibs 
sie 





anor i Lal, 


SIRT OY ad 


m1 bai 


bos + nose Ree 


valWoue 


eel Dlasbve) . 


aay 


teat oor 


‘(in pae > dev 


*, 


mg Fant 


Pe py Ny 


yaaa, 


eller » asi trang 


wen at. — 
a We Bvinic 7) 


' voremut os al, 


ae 
ah 


esos! 


a 


bo “ta ie -#e0H 



















tthe 
oe 


‘4 


4 eae Ja 
el ae Sie 


=] - " ; i] td Dy 
* 1 ar © ge i a, 
Ron / ee 


® 7 = woe ; . bart f 
; 6: Ng 7 y ‘'®) 
7 a 


te me 


f 
ak Saal ‘hone: 5 ig 
’ : cal’ v 
‘ a vA 7 th nal 
a 


Marsh. 
Michx. 
Moric. 
Muell. Arg. 
A. Nels. 

E. Nels. 
Nutt. 

Pall. 

Pers. 
Robins. 
Ruiz and Pavon 
Rydb. 
Sandw. 
Sarg. 
Schlecht. 
Schneid. 
Standl. 
Thell. 
Torr. 

Torr. and Gray 
Underw. 
Wallr. 
Wats. 


Woot. 


E. 


22) 
Marshall 
Michaux 
E. Moricand 
Mueller 
Nelson 
E. Nelson 
Nuttal 
S. Pallas 
H. Persoon 
L. Robinson 


R. Lopez and J. A. Pavon 


A. Rydberg 
Y. Sandwith 
S. Sargent 


F. L. von Schlechtendal 
K. Schneider 

C. Standley 

Thellung 

Torrey 

Torrey and A. Gray 

M. Underwood 

F. W. Wallroth 

Watson 


O. Wooton 







et2 6d st 

anus ladT A 

verrreT 44 

y6u> .A bag VrmeT .b 
hoownebal .M od 


> 
' 


Atoriie® 18 47 a 
‘ j : 


sosrten |.2 
( oe ri. os 


7 f , ; “ q : , P hy 
blends, 











228 


LITERATURE CITED 


BENSON, L. 1969. The Cacti of Arizona, Third Edition. University of 


Arizona Press, Tucson, Arizona. 


KEARNEY, T. H., Re H. PEEBLES, and COLLABORATORS, 1960. Arizona Flora 
with Supplement by J. T. Howell, E. McClintock, and Collaborators. 
University of California Press, Berkeley and Los Angeles, California. 


LEHR, J. H. 1978. A Cataloque of the Flora of Arizona. Desert Botan- 


ical Garden, Phoenix, Arizona. 





SI2A |. 0aP 


if. ; | OTLsS 


5 erin yl 


, heprnad 20) } 


: enOTAROAL a bas 8 
| 2 -Liawoe «I ob vd gn 
bie ¥ eslaaeee 22949 Sino? feu 0. 


+0 s10lF sr Tr 


i ' = : 
pe en PE A 








euedgs Ht . 


> 10 


12 syaolsied & A. 
sinh 


APPENDIX B 
Historical Photographs of Aravaipa Creek 


and jits environs 
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Photograph by Joseph Amasa Munk, 1889-1900, of Aravaipa Creek near Ktondyke; 
courtesy of Southwest Museum, Highland Park, Los Angeles, California. 





Photograph by Joseph Amasa Munk, 1889-1900, of Aravaipa Creek at the 
'Chimney''; courtesy of Southwest Museum, Highland Park, Los Angeles, Calif- 


ornia. 
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Photograph by Joseph Amasa Munk, 1889-1900, of Aravaipa Creek near Tts upper 
end; courtesy of Southwest Museum, Highland Park, Los Angeles, California. 





Photograph by Joseph Amasa Munk, k889-1900, of Aravaipa Creek at the Same 
locality as above; courtesy of Southwest Museum, Highland Park, Los Angeles, 
California, 
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Photograph by Joseph Amasa Munk, 1889-1900, of Aravaipa Creek gallery forest, 
location unknown; courtesy of Southwest Museum, Highland Park, Los Angeles, 
California. 





Unknown photographer, ''before 1900,'' of upper Aravaipa Creek; Arizona Hist- 
orical Society photograph 8208, Tucson, Arizona. 
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Unknown photographer, ''before 1900," within Aravaipa Canyon; Arizona Hist- 
orical Society photograph 8209(a), Tucson, Arizona. 


Unknown photographer, 
"before 1900,'' within 
Aravaipa Canyon; 
Arizona Historical 
Society photograph 
8209(b), Tucson, 
Arizona. 
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Unknown photographer, ''donated 1939,'' within Aravaipa Canyon: Arizona Hist- 
orical Society photograph 6903, Tucson, Arizona. 





Unknown photographer, ''donated 1939,'' within Aravaipa Canyon; Arizona Hist- 
d orical Society Photograph 6902, Tucson, Arizona. 
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Bureau of Land Management photograph, within Aravaipa Canyon, early 1970s. 

















Unknown photographer, undated, men fishing with wier and dip net, Aravaipa 
: Creek, Arizona; Arizona Historical Society photograph 6901, Tucson, Arizona. 
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Appendix C 


Mines and Mine Workings of the upper Aravaipa Creek area 


The following information was compiled from the literature 
and includes recorded mines and prospects of the USGS Klondyke 
Quadrangle (Simons 1964). Some localities may in fact be outside 
the Aravaipa Creek drainage basin, but were included since their 
presence indicates exising and discovered ore bodies of the area 
from which heavy metals or other contaminants may originate and 


enter the aquatic system (Appendix Tables C-1l - C-2). 
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Appendix Table C-1l. 


Name and locations 


Arizona Mining Co. Conc- 
entrator, Klondyke 


Arizona Mine 
Fairview Prospect, 4,000 
ft NW Aravaipa (town) 


Head Center Mine, E side 
Williamson Canyon 


Grand Central Mine, 1,000 
ft SE Head Center Mine 


Iron Cap Mine, % mi N 
Landsman Camp 


No. 1 Mine, W of Aravaipa 
(town) in Arizona Gulch 


Panama Mine, in gulch E 
of Aravaipa (town) 


Abe Reed Mine, near top 
SE wall of Old Deer Creek 


Ben Hur Mine, just N rd to 
Aravaipa (town) 


Cobre Grande Mine, ca. 7 
mi N Cobre Grande Mtn. 


w 


Legal Descriptions 


SW4, S-6, T7S, R20E 
Center, Ws, S-25 (us), 
T5S, RI9YE 


Line between S-25-26 
(us), T5S, R19E 


SEX, SW, S-19, T5S, 
R20E 


Near center, N edge 
SSO pL oO eRe OL 


Sha, o- 19, T5s, R20E 


Unknown 


Unknown 


Center, S-23 (us), 
AuSNSyy TRIS Y 


SEX, S-36 (us), T5S, 
R19E 


Corner common to S- 
Der 22x, Ply Bie WSs 


R20E 


Product (s) 


Ore concentrate 


Unknown 


Unknown 


Lead, zinc, silver 


Lead, zinc, silver 


Unknown 


Lead 


Unknown 


Lead 


Lead, zinc, silver, 


gold 


Unknown 


oe 


Mines and mine workings of the upper Aravaipa Creek area, southeastern Arizona. 
The abbreviation "us" indicates unsurveyed parts of the area. 


References 





Simons 1964 


Ross 1925, Wilson 1950 


Simons 1964 


Denton 1947b, Wilson 
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Denton 1947b, Wilson 
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Appendix Table C-l. 


Continued 





Name and locations 


Legal Descriptions 


Product (s) 


References 





Copper Bar and Sam Jones 
Prospects, N and S sides 
Copper Canyon, respectively 


Last Chance Mine 
Lead King Mine, bottom of 
Stowe Gulch just above 


Tule Canyon 


Orejana Mine, 14 mi NW 
Aravaipa (town) 


Princess Pat Mine, just N 
Old Deer Creek 


Sinn Fein Mine, just SW 
Head Center Mine 


Tule Mine, E of Tule Spring 


Windsor Mine, NE flank Imp- 


erial Mtn, % way between 


Stowe Gulch and summit 


Unnamed 


Tenstrike Mine 


Unnamed, probably on Alta 
No. 3 Claim 


S of center S-32, T5S, 
R20E 


SW corner S-23 (us), 
T5S, RL9OE 

near center N edge 
S-6, T6S, R20E 

Center S-26 (us), T5S, 
RL9OE 

NW S-13 (us), T5S, RI19E 

On line between S-19-30 
TSS, ak2or 

SEX, S-31, T5S, R20E 


Unknown 


SW corner, S-8, T6S, 
R20E, and SWi, NW, 
S=17, T6S, R2Z0E 


Swi, S-17, T6S, R20E 


Center S-20, T6S, R20E 
and SW, S-20, T6S, R20E 


Copper, Silver, gold 


Lead 


Lead 


Unknown 


Copper 


Lead, copper, gold, 


silver 


Unknown 


Unknown 


Unknown 


Lead (?) 


Unknown 


Ross 1925 


Simons 1964 


Simons 1964 


Simons 1964 


Ross 1925 


Ross 1925 


Simons 1964 


Ross 1925 


Simons 1964 


Ross 1925 


Simons 1964 
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Wppendix Table C-l. 


Name and locations 


Concluded. 


Legal Descriptions 


Product (s) 





References 








Grand Reef Mine, N side 
Laurel Canyon, above 
Waterfall Canyon 


Dogwater Mine, in E branch 
Laurel Canyon 


Junction Prospect, N of 
Waterfall Canyon 


Laclede Mine, in branch of 
Klondyke Wash 


Silver Coin Mine, south 
branch of Klondyke Wash 


Table Mountain Mine, W side 
Virgus Canyon 


American Eagle Mine 
Childs-Aldwinkle Mine 


Copper Giant Mine 


Copper Prince Mine 


Glory Hole Mine (Globe Mine) 


Old Reliable Mine 


Bluebird Mine 


NEX, S-29, T6S, R20E 


NW corner, S-33, T6S, 
R20E 


Center Ws, S-33, T6S, 
R20E 


N of center S-10 (us), 
YS 5 RAO 


Swy, S-1l (us), T7S, 
R20E 


SE4, S-15 and NW4, S-22 
T7S, RI8E 


SWy, S-1l, T8S, R18E 
Center W edge S-1ll, T8S, 


N of S edge SEX, S-3, 
T8S, RI8E 


NEX, S-10, T8S, RI18E 


N of center of S edge 
Shp URNS, IRilsii 


Center S-10, 28S, RISE 


SEG, S-=2, TSS, RISE 


Lead 


Lead (?) 


Unknown 


Unknown 


Lead (?) 


Gold, Copper, Lead 


Copper 


Copper, Molybdenum 


Copper (?) 


Copper 


Copper 


Copper 


Copper 


Ross 1925, Wilson 1950 


Ross 1925 


Simons 1964 


Ross 1925 


Ross 1925 


Simons 1964 


Weed 1913, Denton 1947a 

Kuhn 1941795: Den tonmeLoOAva 
Weed 1913 

Weed 1913, Kuhn 1941, 


Joraleman 1952, Galbraith 
and Brennan 1959 


Weed 1913, Kubn 1941 


Weed 1913, Kuhn 1941, Denton 
1947a, Galbraith and Brennan 1959 


Kuhn 1951, Brennan 1959 
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Appendix Table C-2. Miscellaneous exploratory prospects of the upper 
Aravaipa Creek Area, southeastern Arizona (from 
Simons 1964). 








Names and locations (if known) Legal Description 

Unnamed, S of Old Deer Creek Center S-18, T5S, R20E 

Green Gem Claim Center of line between S-17 & 20, 
TSS pene OF 

Unnamed SH COmner S—=23 (us), Tso, RLIE 

Silver Reef Claim NEY, S-25) (Us), Tos, RISE 

Booker T. Washington Claim NW, S-30, T5S, R30E 

Unnamed, 2,000 ft SE Head Center N4, S-30, T5S, R20E 

Mine 

Unnamed, or Ionia Claim, S' of NEX, S-30, T5S, R20E 


Iron Cap Mine 
Unnamed, N-NE Landsman Camp NWs, S-29, TSS, R20E 


Unnamed, along and N road between SEL, S-25 (us), T5S, RLOE 
Aravaipa (town) and Tule Spring 


Unnamed NEX, S-36 (us), T5S, RI19E 
Unnamed Near center S edge S-32, T5S, R20E 
Unnamed, between Stowe Gulch and NwWk, S-6, T6S, R20E 


Jct. Landsman Camp and Klondyke- 
Aravaipa Rds. 


Unnamed, 3 prospect pits SW4, S-34, T6S, R20E 


Unnamed, upper Klondyke Wash or SEY, S—34,  T6S, R202 
Spring Canyon 


Unnamed, upper Klondyke Wash or Sw, S-2 (us), T7S, R20E 
Spring Canyon 


Unnamed, upper Klondyke Wash or NEX, S-13 (us), T7S, R20E 
Spring Canyon 


Unnamed, S of divide between Turkey NWy, SEX, S-28, T7S, RIL9E 
Ck and Right Prong Four-mile Ck 


Unnamed, S side Right Prong Four- S—J27 Lio Ros 
mile Creek 


Unnamed, S side Right Prong Four- S32 ele eee LOIS 
mile Creek, 100 ft NW of above 
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Names and locations (if known) 


Legal Description 








Unnamed, N side Right Prong Four- 
mile Creek 


Unnamed, N side Right Prong Four- 
mile Creek 


Unnamed, on or near crest of 
Galiuro Mtns. 


Unnamed, on or near crest of 
Galiuro Mtns. 


Unnamed, on or near crest of 
Galiuro Mtns. 


Unnamed, 200 ft W and slightly 
below above locality 


Three prospects SW of crest of 
ridge 


Copper Hill Prospect 
Unnamed 
Unnamed 


Unnamed, in or near fossil 
volcanic cone 


Unnamed, 900 ft N of above 
Unnamed, 600 ft farther NW 
Unnamed, 800 ft farther NW 
Mission Now 1 Claim 

Mission No. 4 Claim 

Buena Suerte Claim (2 prospects) 


Unnamed, 1,000 ft N-NE Glory Hole 
Mine 


Unnamed 


Unnamed 


NwWy, S-32, T7S, RI19E 


Center NW%, S-33, T7S, RI19QE 


SW corner, S-32, T7S, RISE 


NWeCOtner aSo—> mos, RLIE 


NE corner, S-6, T8S, RI19QE 


Unknown 


S07 Co pe elo 


Center Ss, S-6, T8S, R19E 
Center SEX, S-6, T8S, RI19OE 
SE corner, S-6, T8S, RI19E 


SWk, S-5, T8S, RI19OE 


Unknown 

SWx, S-5, TSS, RLOE 

SW, NW, S-5, T8S, R19E 
NWy, S-7, T8S, R19E 

N+, S-7, T8S, R19E 

NEX, NEX, S-7, T8S, R19E 


SEX, S-3, T8S, R18E 


NEX, S10, T8S, RIL8E 


SWrcomnenmnwes=2 cS, RSE 
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Names and locations (if known) 


Legal Description 








Unnamed, (3 prospects) 


Unnamed, where rd from Old Reliable 
Mine crosses Copper Ck 


Unnamed, S side Copper Ck, ca. 900 
jms, Sih “Eleonc]e 


Unnamed, in deep, south~-sloping 
canyon on W side Copper Ck 


Unnamed 
Unnamed, near junction of 2 west- 
sloping gullies 


Unnamed, near S-pointing, sharp 
bend in Copper Ck 


Unnamed, E side Copper Ck and 
700 £t farther NW of above 


Farther NW of above, hillside N 
Copper Ck dotted with pits 


Unnamed 
Unnamed 


Unnamed 


Nw, S-11, “T8S;,~ RISE 


Center S-10, T8S, RIL8E 


Unknown 


Ws, S-10,; TSS, RISE 


near center N edge S-ll, T8S, 
R1L8E 


Center of line between S-ll & 12, 
T8S, RI18E 


NwW4, S-12, HS R1L8E 


Unknown 


Unknown 


oly loo, RLOE 
S57) Sil2, 26s, Loe 


SEX, Ss-12, AUSKSS R1L8E 
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Appendix D 
Raw data for thermal features of upper and lower Aravaipa Creek, 


1876-77 





Appendix Table ]}. Raw data for temperatures of upper Aravaipa Creek, Graham County, Arizona; starting times are marked with an asterisk (*). 





Times 


0600 
0630 
0700 
0730 
0800 
0830 
0900 
0930 
1000 
1030 
1100 
1130 
1200 
1230 
1300 
1330 
1400 
1430 
1500 
1530 
1600 
1630 
1700 
1730 
1800 
1830 
1900 
1930 
2000 
2030 
2100 
2130 
2200 
2230 
2300 
2330 
2400 
0030 
0100 
0130 
0200 
0230 
0300 
0330 
0400 
0430 
0500 
0530 








760809 76119 77OVV 770218 
10.8 11.5 
Wey: 
11.3 
17.8 
13.1 10.9 11.5 
19.6 
10.5 11.5 
15.0 12.0 12.5 
25.0 
16.5 13.4 14.5 
27.7 
UW /ed/ 13.5 
28.4 18.5% 
14.0% 18.0 
18.0 
27-55 14.4 18.5 
26.3% 16.2 
14.0 18.5 
2565 16.0 
13.0 17.0 
25.0 15.6 
12.8 15.5 
15.0 
12.6 15.0 
233 15.0 
12.4 14.5 
222 11.6 13.5% 
13.8 
25 13.0 
11.6 12.7 
13.0 
20.6 12.7 
20.5 12.5 11.6 12.4 
19e5 
11.5 
12.0 
18.5 
11,0 
18.5 


770316 





Starting Dates 





770422 770605 770709 
18.5 
17.5 
19.0 
14.0 
19.6 
15.0 19.0 
20.5 
15.7 20.5 
22.0 
16.5 22.0 
2375 
17.5 23.0 
24.5 
17.6 24.5 
25.2 
17.6 25.0 
25.5 
17.6 23.0 
25.5 
18.0 
25.0 
18.0 21.0 
24.0 
17.6 20.5 
23.0 
18.2% 19.5 
22.0 
17.0 19.0 
21.0% 
17.0 19.0 
20.5 
16.3 18.0* 
20.0 
16.0 18.0 
20.0 
18.0 
15.0 17.5 
14.0 17.0 
18.9 


770820 


19.5 
21.0 
21.6 
2205 
22007 
23.5 
29.0% 
32.0 
32.0 
30.0 
27.8 
26.5 
24.0 
23.0 


22.3 


22.0 


19.7 








770915 771020 771202 771212 780218 
17.0 Biay/ 10.5 
10.5 
11.0 10.5 
18.5 14.5 1.5 11.0 
11.0 
20.8 16.7 12.0 
13.1 12.0 
23.6 19.0 
13.7 
24.8 21.0 15.7 
17.0 15.7 
25.5 22.5% 16.5 
22.4 17.5 
18.2 
25.2 22.) 17.0% 18.1 
20.5 16.2 18.0 
22.7 19.1 15.1% 14.8 16.2 
20.7% 17.5 14.4 14.0 13.5% 
20.0 17.0 13.7 13.59 13.0 
19.5 16.5 13.4 12.7 
19.0 16.5 13.0 13.0 
12.5 
12.5 
18.5 16.1 
12.5 
18.0 
17.6 
1.9 12.0 
17.5 15.0 
11.2 
11.0 
17.3 14.5 
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Appendix Table 2, 


Raw data for temperatures of lower Aravalpa Creek, Pinal County, Arizona; starting times are marked with an asterisk (*). 





Starting Dates 





Times 

761023 761120 770115 770119 770318 770423 770606 770710 270816 770916 771022 771203 771209 780127 
0600 9.8 2255 18.5 12.7 
0630 . USS) 8.6 a3 
0700 4.6 9.0 15.5 18.5 12.4 
0730 12.9 iD 22.7% 7.0 9.1 
0800 9.8 4.2 9.0 76 16] 18.6 12.4 
0830 7.5 21.0% 23.4 8.8 9.0 
0900 12.7 10.6 45 9.5 16.0 24.0 12.7 i 
0930 8.5 22.5 25.5 
1000 11.2 4.6 12.0 16.6 25.5 13.6 De 
1030 14.4 10.1 25.0 26.3 Sey; 
1100 13.7 6.0 La!) 17.5 27.0 23.8 15.6 12.0 
1130 12.0 25.0 31.3 10.7 
1200 16.6 15.7 8.0 16.0 17.5 29.5 2555 17.4 10.5 
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ABSTRACT 


Food habits ot seven native species of fishes were examined over 
a 12%+month period in Aravaipa Creek, Graham County, Arizona. Avail- 
ability of foods to the fishes was estimated by sampling benthic com- 
munities and stream drift. Three trophic patterns were presented: 
herbivory by a mountain-sucker (Pantosteus clarki); omnivory by long- 
fin dace (Agosia chrysogaster) ; and carnivory by the remaining five 
species (Gila robusta, Meda fulgida, Rhinichthys osculus, Tiaroga 
cobitis, and Catostomus insignis). Ephemeropteran nymphs were the pred- 
ominant food of the carnivorous fishes, and of the omnivcre, and were 
the dominant invertebrate in both benthos and drift. When absolute 
densities and average individual body sizes of mayfly nymphs decreased 
dramatically, three fish species each shifted to a different alternate 
prey, and three others did not obviously respond. (One species, G. 
robusta, was not studied quantitatively.) Fishes whi. responded to alt- 
ernate prey increased special feeding behavior and spatial vartitioning 
of habitat. Those which did not respond remained as reneralized feeders. 
Interspecific interactions related to feeding habits are probably min- 
jmal in Aravaipa Creek because of the abundance of food organisms and 


spatial segregation of the fishes. 
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INTRODUCTION : 


Native fishes in arid parts of western North America are suffering 
rapid declines in populations and vast reductions $3 range. Man causes 
most of these changes through continuous manipulation and re-working of 
aquatic habitats, and many persons and agencies are alarmed by the situ- 
ation. Milter (1961) and Minckley and Deacon (1963) provided perceptive 
discussions of this subject. Increased effort is being put forth by many 
workers to learn more about these threatened animals, and what they will 
require to successfully maintain themselves (Pister 1974). 

Aravaipa Creek in south central Arizona presents a rather unique 
situation. Seven species of native fishes reside in the stream, in a 
pattern once common throughout the regione There they co-exist, under 
natural conditions, largely undisturbed by foreign influences. Only one 
non-native species, the green sunfish (Lepomis cyanellus Rafinesque) has 
been successful in maintaining a small, local population within the 
system. 

Some information has appeared relative to Aravaipa Creek fishes. 
Barber and Minckley (1966) published a general account of the ichthyo- 
fauna, Barber et al. (1970) presented data on biology of the spikedace 
(Meda fulgida Girard), and Minckley and Barber (1971) included inform- 
ation from Aravaipa Creek in their general paper on ecology of longfin 
dace (Agosia chrysogaster nependye Minesley (12/2) end! Deacon and 
Minckley (1974) discussed many general aspects of the ecology of the 
stream and its fishes. 

The purpose of my study was to obtain information on foods and 


feeding of native fish species in Aravaipa Creek. Fishes concerned, in 
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addition to spikedace and longfin dace mentioned above, included two 
catostomids, Catostomus insignis Baird and Girard (Gila coarse-scaled 
sucker) and Pantosteus clarii (Baird and Girard) (Gila mountain-sucker) , 
and two additional cyprinids, Rhinichthys osculus Girard (speckled dace), 
and Tiaroga cobitis Girard (loach minnow) « “The seventh native fish of 
the drainage, Gila robusta Baird and Girard (Colorado River chub), was 
too rare during my period of study to allow adequate sampling. Data on 
its food habits were determined from specimens taken over a Lon period 
of time (1965-78) and housed in the Arizona State University Collection 
of Fishes, and were provided by James Burton of that. institution. 

Along with determination of how and what the fishes ate, I explored 
the question of food availability within the environment. Estimates of 
population densities and biomasses of the various potential and actual 
food items were made, and from these data determinations were made as to 
how selective, or vice versa how opportunistic, the fishes were in their 


feeding. 
DESCRIPTION OF THE STUDY AREA 


Aravaipa Creek is in Graham and Pinal counties, Arizona, in the 
San Pedro River drainage (Gila River system; Fig. 4). The channel orig- 
inates between the Pinaleno and Galiuro mountains, running first north- 
west then turning west, for a distance of more than 100 kilometers (iam) . 
Much of the stream bed is usually dry, with permanent water first.rising 
from gravels at about 70 ioamdcers lm) above Mean 2 level, ©.2 km north- 
west of Klondyke. Within a short distance, near the inflow of Turkey 


Creek (Fig. 1), the mainstream enters a gorge, named Aravaipa Canyon, to 
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Fig. 1. Sketch map of the Aravaipa Creek drainage, Graham and Pinal 


counties, Arizona, showing features mentioned in texte 
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flow between stony cliffs for about 30 km. Below the gorge, tle creek 
passes through an ever-broadening valley to disappear back into its grav- 
elly bed for much of the year. At periods of high runoff it enters the 
San Pedro River at an elevation of about 660 m. More details on topogr- 
aphy and geology of the region are given by Barber and Mincxley (1966). 

Aravaipa Creek consists of riffles = 15 centimeters [cm] deep and 
1.5 to 4 m wide) separated by broad (8 to 15 m) reaches of shallow water 
(<=6 m deep) flowing — sand and gravel through often-braided chan- 
nels. Moving bedload precludes formation of pools that are typical of 
streams with more stable bottoms. Pool habitat in Aravaipa Creek Gee ae) 
1.5 m deep) is present only where canyon walls or other obstacles restr- 
ict width of the channel or deflect currents to create undercutting. 

Discharge of Aravaipa Creek near the San Pedro River averages about 
O05 poy eco with a range a essentially 0.0 to 570 ne second (Us S. 
Geological Survey 1975, and unpublished data). Drought persisted in my 
study period, and mean discharge from January 1975 through January 1976 
was 0.35 neceends range was 0.05 to 3.1. 

The broad valley at the uppermost end of Aravaipa Creek supports a 
grassland community spotted with juniper, Juniperus monosperma (Engelmann) 
Sargent. Galleries of sycamore, Platanus wrighti Watson, and cottonwood, 
Populus fremonti Watson, dominate riparian areas. Interspersed with 
these larger trees are willow, Salix bonplandiana Humbolt, Bonpland and 
Kuntz and S. gooddingi Ball, and seepwillow, Baccharis salicifolia (Ruiz 
and Pavon) Persoon, lines the immediate banks. A short distance from 
water, sycamores become more common than cottonwoods as dominant, tall 


trees. Dense stands of mesquite, Prosopig juliflora (Swartz) de Candolle 
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3 are on drier terrace habitat and areas where floodplains have not been 
cleared for pasture or other agricultural uses. 

Within Aravaipa Canyon, where tributaries enter the main gorge, ter- 
races support a diverse flora. Cottonwoods remain common, with sycamore 
present a few meters from water. Mixed with the latter are ash, Fraxinus 
velutina Torrey, boxelder, Acer negundo Linnaeus, and walnut, Juglans 
major (Torrey) Heller. Within the gorge, these species are scattered on 
narrow strips of terrace along canyon walls. 

Hellhole Canyon (Fig. 1) marks the transition to Lower Sonoran Des- 

Saguaro cactus, Cereus giganteus Engelmann, 


ert as one moves downstream. 


cholla, Opuntia fulgida Engelmann, and prickly pear, 0. phaeacantha 


Engelmann, creosote bush, Larrea divaricata Cavanilles, and palo verde 
trees, Cercidium floridum Bentham and C. microphyllum (Torrey) Rose and 


Cottonwood remains the major riparian tree. 


Johnston, dominate uplands. 
As the gorge opens to the lower valley, cottonwood becomes a gallery for- 


est, and sycamore is infrequent in company with dense mesquite, hackberry 


Celtis reticulata Torrey and C. pallida Torrey, and other, more xeric- 


adapted trees and shrubs along terraces. 
Watercress, Nasturtium officinale R. Brown, is the only important 


aquatic vascular plant along Aravaipa Creek, occurring commonly from the 


source to about Turkey Creek, and rarely elsewhere. 
Location of Aravaipa Creek in southwestern desert is reflected by 
Air temperatures 


high ambient temperatures and little precipitation. 
range from less than 5° to more than 4o° Celsius. January is the cool- 

est month and June-July are warmest. Precipitation varies from year to 
Summer storms produce 


year, ranging from 19.4 to 54.9 cm at Klondyke. 
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the greatest amoints of rainfall, in July and August, while spring 
months (April-May) tend to be periods of drought (Sellers and Hill 1974). 

Selection of » sampling area was dictated by the abundance of fishes 
and the consistent presence of a maximum number of species. The segment 
of Aravaipa Creek near the inflow of Turkey Creek was diversified, cons 
isting of a riffle about 60 m long, bounded up- and downstream by broad, 
shallow areas with sand-gravel bottom. Pool habitat was provided where 
the creek was deflected from a canyon wall (Figs. 2-3). The stream 
flowed from northeast to southwest at this point, with the right side 
' (facing downstream) consisting of a vertical cliff, and the low bank on 
the left side vegetated by willows and interspersed vottonwoods. Widths 
of the flowing channel and depths of various habitat: changed with disch- 
arge, but closely resembled average conditions given earlier for the 


overall stream. 
METHODS AND MATERTALS 


Field collections of fishes and drifting materials were made over 


en 


five, two-day intervals: 9- 16 January; 18-19 April; oe 12 July 24 - 
23 October 1975: and 30 - 51 epee: 1976. 

Fishes were sampled by seines or electrofishins equipment. Seines 
were 9.5 m long, with 6.4 rv adevee (mm) mesh (bar measure), and electr- 
ofishing gear was 110 volts, 1,200 watts, alternating current. Number 
of fish preserved every four hours was limited to a maximum of 5- 10 
individuals. per speices, to avoid deplition of local stocks over a 28 - 
hour period. Most fish sampling was done downstream from the drift 


and benthos site, with a few collections taken ‘00 m upstream. Fishes 
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fig. 2. Aravaipa creek, Graham County, Arizona. View upstream at study 
site, with drift sampler in place. ‘Pool habitat was present at the base 
of the cliff in left center, separated from the riffle in foreground by 


a sand-gravel min; photograph by the author, January 1975. 





Fiz. 3. Aravaipa Creek, Granam Vounty, Arizona. Stream derlecting from 
canyon wall to create nool nabitat at cliff shown in 512. 2; photograph 


by Steven Burton, January 1977. 
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were preserved directly in 10 per cent (%) formalin. No regurgitation 
upon contact with preservative (Starrett 1950) was noted. Different 
sized fish are known to depend upon different foods (Ivlev 1961), and to 
avoid this variable only sub-adult and adult individuals of each species 
were studied. 

Data for standing crops of benthic invertebrates were provided by 
Dale Bruns, Arizona State University (in part, Bruns 1977, and Bruns and 
Minckley ms). Samples were taken by Surber-type sampler (929 em=)., with 
a mesh of 30 threads per centimeter. Two samples were taken during each 
period, one on gravel and the other on cobble (categories of Cummins 1962). 
All materials collected were preserved in the field in 10% formalin. 

The drifting component of potential and actual food for fishes was 
sampled immediately prior to each fish collection, over the same 28-hour 
periods. Two sections of reinforcing rod were driven into the stream bed 
in the center of the channel, and a drift net of 30 threads per centimeter 
was tethered between them. Care was taken to avoid contact with the bot- 
tom, and the lower frame of the net was kept three or more centimeters 
above the substrate to avoid agitation of bottom materials by turbul- 
ence. Speed of flow at the sampling site was determined by the Embody 
(1929) cork-float method, or by current meter. A correction factor for 
volume of water filtered was computed from declining current-meter read- 
ings as meshes became clogged with various materials. Sampling was for 
15 minutes and all materials collected were preserved in 107 formalin. 

Food habits of fishes were determined by removal of stomachs or 
of the digestive tract anterior to the first loop toward the head in 


those species with poorly defined stomachs (catostomids). Contents were 
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placed in a gridded Petri dish, and sorted to taxonomic cateyorles. 
Invertebrates were identified to family if possible. Other categories 
were inorganic materials (mostly sand), finely divided organic material 
(detritus), filamentous algae, and diatoms. The volume of stomach 
occupied by each item was estimated by sight using Hynes' (1950) point 
system. Each item in a stomach was assigned a point value from greater 
than 0.0 to a maximum of 20.0, with the latter indicating that 100% of 
stomach contents was represented by that item, and that the stomach was 
full. Each point therefore was equivalent to 5.0% of the total estim- 
ated stomach volume. Empty stomachs were scored 0.0 points, and were 
included in compilations that follow. 

As an example, if it were estimated that 40% of a stomach was 
filled, it would be assigned 8.0 points. Ir three items were present, 
an assignment of points to each would be made, depending upon the volume 
each occupied, but the sum of points could not exceed 8.0. Relative 
strengths and weaknesses of this technique are detailed by Hynes (1950) 
and Corbet (1961), who found estimation of relative volumes did not differ 
significantly from methods where quantities were measured directly. Act- 
ual volumes of items or parts of items present were assigned points; no 
attempt was made to reconstruct live volumes of invertebrates from fragm- 
ents present (Ricker 1937). 

Benthos and drift samples were sorted into the major categories as 
given before for stomach contents. Leaves and other large, terrestrial 
vegetative materials were hand picked. Remaining organic components were 
separated from inorganic materials by an elutriation colwm similar to 


that described by Lauff et al. (1961). After inspection for dense 
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biologic items such 1s trichopteran vases, inorganic materials were disc- 
arded. 

Algae were typically rare in drift, but far more «common in benthos 
samples; filaments and cliumps were hand picked. Obvious presence of 
diatoms was simply noted. 

Fine, particulate detritus and invertebrates often were alundant, 
and were subsampled by Folsum Plankton Splitter prior to sortiny. The 
subsamples were placed in gridded Petri dishes, and invertebrates were 
hand picked. Detritus remained as the last category upon removal of 
invertebrates. Subsamples were determined to estimate densities within 
limits of precision deemed acceptable by Elliott (1971). 

After identification and enumeration of invertebrates, they and 
other organic materials were blotted dry and weighed in grams Wee age 
milligrams (mg) on a Mettler Electric Analytical Balance. Data on benthos 
were converted to numbers or oy by direct proportion. Drift was conv= 


erted to numbers or mer by use of the following formula: 


N or W/T 
Diese? Dial XH, 
t e We. Xe 


; 4 ; ‘ A 
where D, is number or Db, is mg/m, N is number of organisms or W is mil- 


| 
ligrams collected per unit time (T), NF is net face area (no), V is vel- 
ocity of water in m/second, and CF is a conversion factor derived from 
current meter readings. 

Marked pericdicity of drift of aquatic invertebrates (Waters 1962), 
and in feeding of fishes (Ivlev 1961), was compensated for by computing 


means for each over the 28-hour sampling periods. «~tandins crops of 


benthos were considered as being represented by the mean of two samples 
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cy taken per sampling period. Compilation of data was performed on a Univac 


1110/42 computing system at the Arizona State University Computing Center. 
RESULTS 
Foods Available to Fishes 


In early studies of foods and feeding of fishes, invertebrates 
eaten were generally divided as "benthic" or "terrestrial" in origin. 
Benthic organisms were those presumably picked up by the fish from the 
substrate. Terrestrial kinds often included adults of aquatic forms, 
plus aerial, plant dwelling, or riparian species that were taken from the 
water surface. 

Sampling of prey organisms, when ee onptad most often consisted of 
® an assessment of standing crops of benthic invertebrates alone (Surber 
1936, Mottley et al. 1939, Hess and Schwartz 1941). however Needham 
(1928) had already demonstrated downstream drift of both aquatic and 
terrestrial insects as food supplies for stream fishes. Denham (1939) 
finally recognized that downstream drift of aquatic insect larvae was a 
basic pattern of their ecology. Since that time, quantification of drift 
as an adjunct to bottom sampling in determining foods available to fishes 
has increased in frequency (see Waters 1972). 

A total of 75 potential or actual food items was taken in samples 
of benthos, drift, and fish stomachs from Aravaipa Creek (Table A jee we 
these, 69 (29%) were invertebrates. Vertebrates (three species) were 
eaten only by Colorado River chub, and actual diversity of plant material 
was not assessed. Inorganic material (sand) was excluded from the gross 


number of items, but was of common occurrence in stomnchs of Pantosteus 
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fable 1. Uccurrence of potential and actual tood items in sam)les of benthos, drift, and fish stom 
achs from Aravaipa Creek, Arizona, on five sampling dates in 1975- “6. ‘The symbol "X'! denotes pres- 
euce of the item on a givendate, '"'-" indicates its absence, and occurrence of items in stomachs of 


Gila robusta, based on data provided by James Burton (see text), is denoted by the symbol "+". 
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Ltems benthos Dritt Gila AvoSia Meda 








COL LdsMBOLA 
Undetermined taxa == 9 --7~77~ XXXKX Fe ee ee ES ee seca canadian 
Shiitwuridae =  <-7"-== X---- Se. eee ee ee Ge peer eS Oe eee 


BPUEMEROP TERA 


Undetermined adults = ----- XXXKXK - wee aX ee ee ----- 

Baetidae nymphs XXXXX = XXXXXK + XXXXX -XXXXX—XXXXX— XXXKKXXXXK— CAA 

'ricorythidae nymphs  XXXXX XXXXX 4 XXXXX  XXXK = X-XN = XK 0000 = a 

leptayeniidae nymphs X---X  X---X - X---X X---- X---- ----- X---- 9 ----- 

Leptophlebiidae nymphs YOOK XXX + X XX XXXK- 2 -X--- 0 = X= ——X-- 

bplemeretlidae nymphs -X--X —X--- = -X--- -X--—- -X--- -X--—- ~X--- ----- 
PY wCOl Pca 

Capniidue adults ---- X---X - X---- Yemen X----  ----- 

Vapnilidae nymplis X--XX — XX-XXK - ¥o==— ik See k—— Xk eek X--X- X--X- 
ODONA'TA 

Gomphidae nymphs —--XX X-XX- + a=--X—-  ----- = anne X-~XXX - ------ 


Libellulidae nymphs -—XX  ----- to eee ee ee 
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Yable 7. Contitued. Benthos Drift Agusia Meda Rhin- Tiaroga Catos- Pant- 
ichthys tomus oOsteus 
HEM TP PETRA 
Undetermined terres— 
pare XXXY es te eee, 1 a ee eee 
trial taxa aca 
Belostomatidae 2 2 2 2 2 -==--—-— ae eee ee ene 
Corixidae Most eS CRET: See Kak eta, = ee Ree ee 
MesOveliidae =  ----- X=-XXX 2 == wee —K--- --X-- ----- ----- ----- 
Microveliidae = = ----- --~-X ---X- -X--- 0 ----- 0 ----- 0 = 
Rhapyoveliidae ---X- ----- ---X-  ----- ----- ----- —-X--  ----- 
THYSANOPLERA 
Nhripidae =e XXXX— ee a RO 
HOMOPTERA 
Undetermined taxa ----- —--X- —--KX —-XXXX = --—--- a---- 0-5-0 + - 
Aphididae wee YOOX —X--- —-XX-  ----- e+ 
Cercopidae mee ee eee ee SOC ees (SSeS Gee SS See 
THI CHOPTERA 
Undetermined adults = ----- --X-X - —--=- —-XXX —-X-X ---X-  ----- eer 
HNelucopsychidae larvae --X--— ----- 2 = = SSS S665 Geese Gees Sescs 
Hydropsychidae laivae X-XXX -XXXX —XXXX —-XXX  -XXXX —-XXX XXXXX -—--X 
Mlossusomatidae larvue --X¥XX --XXX ——XX- —-XX- -—XX- --X-- —XXXX ~—X—- 
Hydroptilidae larvae MmheXe SMes= 98  @eea cesses 26655 — Geeus S)OObs Seats 
Limnophilidue leavae ase Mec See @& 68555 Gee cess! S685 S28 9° Seece 
DIPI'ERA 
Chirvnomidae adults = ----- XXXXX XXXXX X—XXX —--~—X- ----- X—- X- X-—-— 
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able 17. Continued. Benthos Drift Gila Agosia Meda Rhin- Tiaroga Catos- Pant- 








ichthys tomus osteus 
DIPYERA (Continued) 
Chironomidae larvae XXXXX XXXXX ? " ef x XXXXX XXXXX XXXXX 
and pupae 5K Ot 200K 
Simuliidae adults wee XX- XX = as) eae SEC SxSe Soe ee Sf 
eae ics TAANBC XXXXX — XXXXX F XXX-X  XXXXX —-XXXX-—XXXXX —-KAKXK XXX 
and pupae 
Pabanidue larvac meee: as = Sales Gees Seene eK Se See 
Ceratopogonidae larvae XXX-- XXXX- - X---- X-K-- OC Sea K-X-K —-—-—— 
Vipulidae adults =  --==- <--=-- = SHS SETS wee Km eR men me 
iiipuldiemiar vac) =———— ores = \2==— XoK= = ee en ee eS) ae te iia ke 
Dixidae larvae erent WOE = Ke ees Sees S865 S566 S45 
Ephydridae larvae ——— Veresjk = Meese MeeOR aes ee MesO€ S8ece 
Muscidae larvae ee ke eee 2 Ree ee ee eee ee eee 
Stratiomyiidae larvae ----- —-X-X - -—-X-- -~--- ——X-- -—--—— ---XK ----- 
lanpididae larvae —---~X X---—-— - ee ee 8 eae fe Pe ee 
CUbreriacwlalvac me) —————— Nea) = = eK S265 (S8555 Sse o= ee eee 
LEVI DOPLERA 
pe Cermined terres  e eee e < x 
trial adult i. a ~ se ae iar eae Se aan en a 
Pyralidue larvae -X--- —X-X- - --—-X Sa Mer ee a 
MISGAL OL TERA 
Corydalidae larvae ----X  ---~~ =a. §. sso ifoe~ <a, ee eee ees 
COLBOPITERA 
Undetermined terres- XXX. : __yXX- te ee a ae hae 


trial adults 
Curculioniduce adults ----- ~———— a Se a So coe EP gf Bena 
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DS lLemeleeeCOrbariued.. Benthos 


COLBOMPERA (Continued) 
Hydrophilidae adults a 
Bimidae larvae ——~—X 
Dybictidwe Jarvaet  -s==- 
Slaphylinidae adults = ----- 
Halipidae larvae ) ----- 
bryopidae adults ----- 

LYM ENOL TERA 
Undetermined terre: - 


re weetiomeukert 
tclureumomuidae a 


Chalcidoldea  — ==---- 
Wormacidae ———— ee 
MAI LOPILAGA 


Undetemincd Cerres— 
trial taxa 


ACARINA 
Undetermined taxis XKXKX 


s 


AKAM DA 
Undetcrmiicd ta%¥a 9 ----- 
CRUS'TACISA 


Ustracoda (Cypridae) -—-XXX 
Cladocera (Chydoridae)----- 


Copepoda (Cyclopoidea)----- 


Drift 


X-X-- 
X—XX- 
X--X- 
oe Oke 
Ka--- 


~XXX- 


XXXXX 


a 


XXX XX 


—XX-X 
KXXXX 


Gila 


Aqgosia 


Meda 


Tiaroga 


Catos- 
tomus 








X— XXX 


----X 
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Yable 1. Concluded Benthus Drift Gila Aygosia Meda Rhin Tiaroga Cafo3—> Fant= 
ichthys tomus Osteus 
5 a a ne ee a ieee ee i fre rem ne manne Se ak Sen Se 
TARDIGIRADA 
Undetermined terres— Seana hoet et peters Be Oe i eae a a 
trial taxa 
ANNELIDA 
Undetermined Olivo XX_XX XXXXX - ue e 4 ee ee <a i, 2S ee 
chaeta taxa 
Undetermined Hiirud- --X-- ----- ~ ia 
inea taxa 
NEMA'TODA 
Undetermined taxa X---X XX--- ~ XX--- —XX-- —--X-- ----- XXX-K = ~ XXXX 
TURBELLARTA 
Planariidae —--X-- ----- = eee —---- ----- YOOOK —-X-X 
HYDRAZOA 
llydridae —-—-X XXK- X — ee a ee eee 
VIET EBRATA 
Meda fulepida === ----- bo eee eR —---- ----- —---- 
ApOswda ChrysOpaster fes——2- 0 =<—e— Fo ee Re 
Pee lOporis Mafisler gp --s-—_ jso—=<= : 0 ee Dee eH RRO —---- 
PLANT MATER TALS 
Diatoms AXXXX— XXXXK - ERE | ee Se 8 ee ee YEE 
filamentous alprae XXXXX XXXXX 4s XXXXX  ———— VEX ee ey Se ROK 
Detritus YOOX YOOXKK + XXXXX ---XX  --KX-—_ ----- X--XX --—-X- 
TNORGANTC MATHER ALS 
Sand Nar Ha + —AXX-  ------ —-XX- ----- —---X XXXXXK 
1 ; 
i = not applicable. 
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ea 


clarki, and was occasional in Agosia chrysogaster, Rhinichthys osculus, 
and Catogtomus insimis. 

Of invertebrate taxa recorded, 36 kinds (52.2%) were nymphs, pupae, 
or non-emerging adults of aquatic insects. Non-insect aquatic animals 
made up 13% (9 groups), emergent adults of aquatic groups, 5.°% (6 groups), 
and 26.1% (18 taxa) were of terrestrial origin. 

Only a few invertebrate taxa were consistently present in both 
benthos and drift samples (Tables 2-3). Mayfly genera of the family 
Baetidae (Baetis, Callibaetis, and Centroptilium) comprised most biomass 
of ephemeropteran nymphs, and were dominant by numbers. Tricorythid 
nymphs (Tricorythodes) and Lepthophlebiidae (Choroterpes and Leptohypes) 
were far less abundant than baetids, but were equally as frequent in 
occurrence. Heptageniid (Rithrogena) and ephemerellid (Ephemerella) 
nymphs were abundant seasonally (winter-spring) in bentnos samples (Table 
2), and were present in drift during the same periods (Table Ba). 

Larvae and pupae of the dipteran families Chironomidae and Simuli- 
idae were present in all periods, both in drift and benthic samples. 

They were relatively important in terms of biomass, and were often present 
in large numbers (Tables 2- 3). Chironomid adults were present in all 
drift samples, forming significant proportions of biomass (Table 3). 
Simuliid adults were uncommon in drift, but were taken in 4 of 5 sampl- 
ing periods (Table aioe 

Water mites (Acarina) were in all benthic and drift samples (Tables 
4 =-5) @ bUt numbers and weights comprised a miniscule percentage of totals 
recorded. Microcrustaceans, especially cyprid ostracods, also were rel- 


atively consistent in occurrence, but of minor consequence in biomass. 
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Yable 2. Numbers and biomass (y/m™, wel weight) of potential and actual food items of fishes in 
benthos samples from Aravaipa Creck, Arizona, 1975- 76, Items which did not occur as at least 1.0% 


in averayes of at least one sampling period are lwnped as "other" (see also 'lable 1). 
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Table 3. Numbers and biomass (me/u , wet Weight) of potential and actual food items of fishes 


in drift samples from Aravaipa Creek, Arizona, 1975-76. Items which did not occur as at L@asE 1.0 








in averayes of at least one sampling period are lumped as "other" (see also Table 1). OY 
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Trichopteran larvae of the genera Hydropsyche and Cheumatopsyche 
(Hydropsychidae) were scarce early in the study, but became more impor- 
tant later as a major component of biomass in benthic samples (Table 2) 
and a relatively common taxon in drift (Table 3). Glossosomatid trich- 
opterans followed a similar trend. High biomass estimates for trich- 
opterans, especially the hydropsychids, typically resulted from presence 
of a few large individuals, rather than from a dense population. 

A large number of other animals were recorded in benthos and 
drift samples (Table 1), some in small numbers or only occasionally, and 
others seasonally. Especially seasonal in abundance was the capniid 


plecopteran Capnia frisoni Baumann and Gaufin, which was present only in 





periods of cool weather, and turbellarians, that appeared in summer samp- 


les in benthos, but did not enter the drift (Tables 2- 3). 


Interrelationships of Benthos and Drift 


Variance in samples from benthic communities is notoriously high 
(Needham and Usinger 1956, Elliott 1971), presumably as a result of heter- 
ogeneity of stream habitats joined with diversified life histories and 
behaviors of faunal constituents. Drift of certain organisms (i.e. baetid 
mayflies) has, however, been demonstrated to be consistent and predictable, 
and has been proposed as another measure of invertebrate populations in 
streams, possibly more sensitive than direct sampling of benthos (Waters 
1965, 1972). Mixing action of turbulence tends to suppress affects of 
heterogeneity. 

The relationship between drift and standing crop of benthos ata 


given place is only a general one, especially if habitats upstream vary 
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significantly from that at the point of sampling. Waters (1965) estimated, 
on the basis of blocking a stream, that organisms drifting at a given 
place originated no more than 50 to 60 m upstream, Comparisons of stand- 
ing crops of benthos and drift at my station was justified by similarity 
of habitat throughout the study reach and by lack of statistical differ- 
ences in numbers and biomass at my station and another site immediately 
above (see Bruns 1977). In addition, sampling of drift and benthos were 
always taken about midway in a 60-m-long, uniform riffle that comprised 
my study reach (Fig. 2), so that comparative integrity of data was maint- 
ained. 

In Aravaipa Creek, 36 items were recorded from samples of benthos. 
Twenty-six (72.2%) of these were nymphs, larvae, pupae, and non-emerging 
adults of aquatic insects, 7 (19.4% were other aquatic invertebrates, 
and 3 (8.2%) were non-animal categories (algae, diatoms, and detritus). 
Drift sampling caught items of 66 taxonomic categories (Table 1). Of 
these, 27 (49.1%) were aquatic insects (nymphs, larvae, pupae, and non- 
emerging adults), 5 (9.1%) were emergent adults of aquatic insects, 7 
(12.7)) were other aquatic invertebrates, and 135 (23.6%) were invert- 
ebrates of terrestrial origin. Three (5.5%) were the non-animal compon- 
ents Jefined above. 

Invertebrates common to both drift and benthos included all import- 
ant categories discussed before (Tables 1-3). Slightly more than 65% 
at, elas eo eoecanee non-animal components) was derived from the benthos, 
and this rose to 75% when emerged adults of aquatic insects were included. 
Three of four items in drift of Aravaipa Creek were therefore autochth- 


onous to the system. Of 32 benthic taxa recorded (again excluding the 
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non-animal items), 23 (74.4%) drifted. Groups of benthic animals absent 
from drift samples included Libellulidae (dragonflies), Tabanidae (horse- 
flies), Muscidae (houseflies), Rhagoveliidae (water striders), Helicops- 
ychidae and Limnophilidae (caddisflies), Corydalidae (hellgrammites), 
Hirudinea (leeches), and turbellarians (flatworms). Absence of all but 
the last from drift may generally be attributed to their rarity in the 
stream. Turbellarians appear to resist drifting in Aravaipa Creek. 

Of organisms drifting, only baetid and tricorythid mayflies and 
chironomid dipteran larvae and pupae were present in all samples on all 
sampling dates. Numbers of those animals per cubic meter of water cor- 
related roughly with numerical standing crops estimated by benthic sampl- 
ing in the same periods, but no such relationships exist between their 
weights in drift and those in benthos (Fig. 4a-¢; re 0.5). Similar 
comparisons of drift and benthic standing crops at the community level 


(Fig. 4d) show no relationships. 
Foods of Fishes 


Nymphal mayflies comprised 57% or more of stomach contents of 5 of 
the 6 fish species quantitatively analysed for this report (Figercy« 
Only the herbivorous Pantosteus clarki contained few ephemeropteranSe 
Dipteran larvae were most ener stomachs of the more bottom dwel- 
ling species, Rhinichthys osculus, Tiaroga cobitis, and Catostomus Ans 
ignis. Trichopteran larvae were less than 10% of total food volumes in 


all but i. cobitis, but were present in significant amounts in all but 


ees clarki stomachs. Plecopteran nymphs also were eaten in small portions 


by all species, but the mountain=sucker containede only traces of that 
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Fig. 4. Weights and numbers per cubic meter compared with standing crops 
and biomass per square meter of invertebrates in Aravaipa Creek, Arizona, 
1975-76. Correlation coefficients (r°) were computed following Noolf 
(1968). Taney are presented here, and in text, to demonstrate relation- 
snips rather than to test for significance of sorrelaticn. ‘Jertical bars 


represent one standard error on either side of the mean (norizontal line). 
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Fig. 5. Annual averages of relative percentages of major food items 


eaten by six species of fishes in Aravaipa Creek, Arizona, 1975 - To 
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taxon (Fig. 5). Turbellarians were heavily preyed upon by C. insignis 


and P. clarki when they were present in summer, but other fishes did not 
eat them. Winged insects (including both emerged aquatic forms and 
scarcer terrestrial kinds) were consumed in more than trace amounts by 
Meda fulgida, Agosia chrysogaster, and R. osculus, in decreasing order 
of volumes in stomachs. Other than P. clarki, only A. chrysogaster cons= 
umed substantial amounts of vegetative material (Fig. 5). 

Organisms eaten in volumes too low for visual quantification in 
Figure 5 are listed in Table 1. When all potential foods are considered, 


88% of the 75 items were found in at least one species Oftfish. 


Accounts of Species 


Colorado River chub (Gila robusta).—Chubs ate 21 items, including 
a Sen, ee) ey 

many of the principal foods of other species (Table 1). The diet of this 
fish strongly reflected its large body size (to 385 mm, total length, in 
Aravaipa Creek), its expansive, terminal mouth, and its raptorial pharyng- 
eal teeth. Many of its foods were large in size, and mastication was 
apparent and extensive (James Burton, personal communication). Chubs are 
secretive animals, inhabiting deeper waters near cover, yet the occurrence 
of terrestrial organisms such as an iguanid lizard and ants, along with a 
variety of benthic inhabitants (e.g. Odonata larvae), other fishes, and 
belostomatid hemipterans, indicates an active feeding range from surface 
to bottom. The uniqueness of this diet is exemplified by only 36 «1% of 
the food items recorded also being consumed by the other fish species 


(Table 4). Six (23.6%) of the items found in G. robusta stomachs did 


not appear in any other fish species. 
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Table 4. Numbers and percentages of total food items eaten by each species of fish in Aravaipa 
Creek, Arizona, 1975-76, that also were eaten by another species. To determine what percentage of 
a species' diet also was consumed by another, read vertically. To determine what percentage a given 
fish consumed of another species' diet, read horizontally. Total numbers of food items eaten by 


each kind of fish are in parentheses. 
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Longtin dace (\Agosia chrysogaster).—Thirty-nine kinds of foods 
were tallied from stomachs of A. chrysogaster (Table 1), the greatest 
diversity recoreed for any fish species from Aravaipa Creex. The percent- 
ages of foods eaten by Longfin dace that also were consumed by other 
species (average 44.1%; Table 4) is, however, somewhat misleading since 
separate algal and diatom taxa were not compiled. Had diversity of 
plants been considered, indicated overlaps between fishes other than P. 
clarki and A. chrysogaster (ranging from 12.8% for G. robusta and long- 
fin dace to 74.4% for spikedace and that species) would have been far 
less, and that between longfin dace and Gila mountain-sucker (35.9%) far 
creater. Omnivory causes the longfin dace to be special within the sys- 
tem; with far greater latitude for action within tne trophic structure. 

Filamentous algae (identified only to genus) made up O70 £01556, of 
total food volumes in A. chrysogaster from Aravaipa Creek (Table 5). 
Cladophora, the dominant alga in the channel (Bruns 1977), was rarely 
present in stomachs. Unattached green algae (Mougiotia and Spirogyra) 
were abundant, and occasionally, bluegreen filamentous forms such as 
Oscillatoria were present. These plants are characteristic of stream 
margins and quiet areas near beds of higher vegetation, and their pres- 
ence in stomachs reflects grazing by longfin dace in such areas. 

Of ephemeropteran nymphs Sten by A. chrysogaster, the ubiquitous 
baetids predominated in 4 of 5 sampling periods (ranging from 23% to 61.4% 
of total foods consumed). The relationship between drift biomass of 
baetids and occurrence in Llongfin dace stomachs seems quite strong (r° 
90.31). There is no obvious relationship between benthic standing crop 


and stomach contents ee = Oy Sing Tricorythid mayrlies were preyed upon 
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Table 5. Food habits of longfin dace, Agosia chrysogaster, from Aravaipa Creek, Arizona, 19/75- 7c. 
Organisms not occurring at more than trace (Tr. = < 1.0%) amounts in any sampling period are not 


included; numbers of fish are in parentheses. 
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Percentages Total Stomach Volumes Percentages Total Food Volumes 

od a en ee a a a 
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in all but the January 1975 period, occupied more volume in stomachs in 
April than did baetids (36.5 versus 24.2%), and were eaten in substantial- 
ly smaller amounts than baetids in the periods July 1975 through January 
1976. Since tricorythids rarely achieved half the numbers or biomass val- 
ues of baetids in drift or benthos samples (Tables e2 - 3), some special as- 


sociation with longfin dace was indicated. The three species of tric- 


orythids recorded by Bruns (1977) from Aravaipa Creek (Tricorythodes 


minutus Allen, T. dimorphus Allen, and T. condylus Allen) were most abun- 


dant in sand-bottomed areas. Longfin dace frequent almost all habitats 

in the stream, put also tend to be most abundant in open, sandy areas, 

with moderate current, in water less than 10 cm deep (especially in periods 
of low light intensity; Minckley and Barber A971) 

Leptophlebiid and heptageniid mayflies made up only a small prop- 
ortion of the diet of longfin dace. The former was present as 14% of 
total food volume in July, and was absent or occurred in trace amounts 
in other months (Table 5) despite its consistent presence in both benthos 
and drift (Tables 2 - 3). The common leptophlebiid (Choroterpes inornatus 
Eaton) and the heptageniid Rithrogena (species undetermined) both are 
strongly rheophilic and associated with cobble bottomed rapids in 
Aravaipa Creek (Bruns 1977), a habitat rarely occupied by longfin dace. 
Heptageniids were, however, present in A. chrysogaster stomachs in their 
period of occurrence in the creek (January of both years). 

Plecopteran nymphs were eaten during their period of winter occur- 
rance, as with Heptageniidae. Appearance of hydropsychid trichopterans 
in stomachs corresponded well with their spectacular increase in biomass 


in benthos in January 1976 (Table 2), and with an increase in drift during 
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that period (although far less impressive; Table 3). The increase in 
volumes eaten resulted from a few, relatively large individuals, rather 
than an increase in numbers (as also occurred in benthic samples). 

Dipteran larvae made up a substantial percentage of total food 
volumes in A. chrysogaster only in January 1975, the same period in 
which each of the represented families (Chironomidae and Simuliidae) 
were most common in drift. A gradual decline in drift of dipterans 
throughout the study was paralleled by a continuing drop in volumes of 
these animals in the diet. Occurrences of chironomid and similiid dipt- 
erans in benthic samples were consistent, but variations in indicated 
standing crops do not correspond to those in stomachse Chironomids are 
a diversified group, generally distributed within the stream. The small 
occurrences of the highly rheophilic Simuliidae, however, tend to subst~ 
antiate a general lack of feeding by longfin dace on swift, turbulent 
rifftiless. 

Presence of winged insects in stomachs of A. chrysogaster, especi- 
ally trace amounts of terrestrial homopterans and coleopterans (Table 4 Dig 
indicates some feeding at the surfaces However, correspondence of frequ- 
encies of ephemeropteran and chironomid adults in drift and in stomachs is 
far less than perfect. Both items drifted throughout the year, and chir= 
onomids were consistently taken by A. chrysogaster, while mayflies were 
not. Perhaps the relatively large size of adult mayflies causes the 
small-mouthed longfin dace to select against them. The dace ate more 
mayfly adults in April, while they drifted most in January of both years, 
and more chironomid adults in January 4975 than in January 1976, wherein 


they were equally abundant in the drift. 
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Spikedace (Meda fulgida).— Patterns of use of nymphal ephemer- 
NN en ll 


opterans by M. fulzida in Aravaipa Creek closely followed those just 
described for A. chrysogaster (Table 6). Spikedace occupy deep pools, 
or areas of deeper water below riffles in most streams (Miller and Hubbs 
1960). In Aravaipa Creek, where pools are essentially absent, the fish 
is typically in mid- to surface water of the deeper parts of the channel, 
or in runs of moderately swift current. Spikedace are relatively small 
(< 75 mm, total length), active, highly mobile fish, moving continuously 
and visually inspecting almost all drifting materials at the surface and 
within the water column. Gustatory inspection Aso is commonly pract- 
iced, with items being taken into the large, terminal mouth, moved about, 
then swallowed or rejected. The 36 food items recovered from stomachs 
illustrate its vercatility. A high percentage (22%) of terrestrial organ- 
isms, few of which were eaten by other species (Table 1), produced a diet 
qualitatively as unique as that of Gila robusta (Table 4), 

Total volumes of baetid nymphs in stomachs and biomass of drift 
did not correlate as highly for M. fulgida (2° =!0.60) "as they did for, 
A. chrysogaster. Baetids in benthos samples were not related to total 
volumes in spikedace stomachs (re -~<(0.5). Tricorythid nymphs in the 
benthos were correlated with total volumes in spikedace (r° = O91)... bur 
no such relationship was peer en between stomach volumes and drift (r= 
< 0.5). Again, open, san.dy-bottomed areas of the channel occupied by 
both tricorythid nymphs and spikedace presumably enhanced their inter- 
relationship. Leptophlebiid, heptageniid, and ephemerellid nymphs made 
up a minor part of the overall diet. The first of these families did, 


however, contribute 13% in a single sampling period (July). 





Table tb. Food habits of spikedace, Meda tulgida, from Aravaipa Creek, Arizona, 1975-7€. Organ- 
isms not occurring at more than trace (Tr. =< 1.0%) amounts in any sampling period are not incl- 


uded; numbers of fish are in parentheses. 
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Plecopteran uymphs were used by spikedace when present, being most 
frequently eaten in January 1975 when also most common in drift. Hydro- 
psychid trichopteran larvae were in stomachs in all but the first sampling 
period, and were major contributors to the total food volume in July 1975 
and January 1976. These organisms made up a disproportionate percentage 
in July (8%) as compared to their low relative abundances in benthos and 
drietr Ge. 7 and 1.02, respectively), perhaps indicating selection by the 
fish. 

Spikedace fed more heavily on winged insects than did any other 
fish species in Aravaipa Creek, with an average total volume throughout 
the study of more than 20% (Fig. 5). Mayfly adults were generally most 
abundant, paralleled or closely followed by chironomid adults. Opport- 
unism seemed the rule in M. fulgida, and active feeding on emerging trich- 
opterans was apparent in July. Trichopteran adults made up a major part 
of the diet in that sampling period, 29. % of total volumes recorded 
(Table 6). 

Speckled _ dace (Rhinichthys osculus).— This dace has a strong 

DOO ee 
proclivity for riffles, within a broader range of habitat selection 
(Minckley 1973). Its diet in Aravaipa Creek, which consisted largely 
of rheophilic insects (Table ra reflected the habitat. Food habits of 
speckled dace overlap widely with those of A. chrysogaster and M. fulgida, 
however, with more than 20% of its foods also eaten by the other two 
species (Table 4). 

Ephemeropteran nymphs made up more than 70% of the total. food vol- 
ume of R. osculus in all but the first sampling period. Tricorythid 


and leptophlebiid nymphs, species of open, sand-bottomed channels and of 


e) 
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Table 7. Food habits of speckled dace, Rhinichthys osculus, from Aravaipa Creek, Arizona, 1975- 7c. 
Organisms not occurring at more than trace (Tr. = << 1.0%) amounts in any sampling period are not 


included; numbers of fish are in parentheses. 
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cobble-bottomed rapids, respectively, had a combined volume exceeding 
that of baetids in April and July (Table 7). This resembled the pattern 
for A. chrysogaster in the same periods (Table 5), but was distinct from 
that for M. fulgida (Table 6), where baetids dominated stomach contents. 

Plecopteran nymphs were preyed upon when present in winter, and in 
greatest quantities in January 1975. dyeropeytiia larvae increased in 
importance from July 1975, to become a major component of the total food 
consumed in January 1976. This followed the pattern of increase in cad- 
disflies in benthos and drift (Tables 2-3). 

Dipteran Shae and pupae were more heavily used by the bottom 
feeding speckled dace than by either longfin dace or spikedace. High 
levels of predation by R. osculus on dipterans' at the onset of the study 
gradually declined, however, parallel to the pattern of indicated relat- 
ive availability. Rates of feeding upon dipteran larvae were, however, 
unrelated to densities in benthic samples. There was no correlation 
between stomach contents and either drift or benthos Gees Simuli- 
idae was heavily used, further implying extensive feeding by speckled dace 
in riffle habitats. 

Trichopteran adults were taken by Re osculus in July and January 
1976. Since speckled dace was rarely observed near the surface, it is 
likely that these animals were ‘caught during emergence from benthic 
puparia. Only one of 23 food items recorded for speckled dace was of 
terrestrial origin (Table 1), further supporting a lack of surface feed- 
ing activity by tiie species. 

Loach minnow (Tiaroga cobitis).—This species was relatively rare 


Lette eset tt Le 


in Aravaipa Creel: during the period of study. A total of +7 individuals 
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was examined, with a range of numbers per sampling period of 3 to 44 
individuals (Table %). This diminutive minnow 1s current loving and 
benthic in habit, an ecological equivalent of darters (Percidae, Ethe- 
ostominae) of eastern North America, living exclusively on riffles less 
than 15 cm deep (Minckley #965, 51973). 

This restriction in habitat manifested itself in an equally limited 
diet in Aravaipa Creek. Only 11 items were tallied from stomachs of 
T. cobitis, and of these only two are sometimes associated with non- h, 
riffle habitats (tricorythid nymphs and tabanid dipteran larvae, the lat- 
ter occurring as only a trace; Table 1). Ubiquity of baetid mayflies 
and chironomid larvae reduce their value in interpretation of feeding 
habitat of the loach minnow, but both were common on riffles. Cobble— 
inhabiting, swift-water forms such as heptageniid and Leptophlebiid 
nymphs reflect occupation of riffles by the fish, as do the large perc- 
entages of simuliid dipteran larvae eaten in early periods of the study 
(Table 8). Of other fishes in the stream, only Gila robusta used less 
than 80% of the food items depended upon by r. cobitis, and most species 
ate more than 90% (Table 4). 

Ephemeropteran nymphs made up most of the diet of T. cobitis during 
three sampling periods, baetids being most important in each instance. 
Tricorythid numphs were eee in stomachs only in April, leptophlebiids 
were taken mostly in July 1975 and January 4976, and ephemerellids were 
eaten in moderate quantities when most abundant in April (Table 8). Plec- 
opteran nymphs composed a minor percentage of total volumes in January 


1975. Active selection for trichopteran larvae by loach minnows is ind- 


jeated in July. Neither of the families of caddisflies that were eaten 
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Table &. Food habits of loach minnow, Tiaroga cobitis, from Aravaipa Creek, Arizona, 1975- 76. 
Organisms not occurring at more than trace (Tr. = << 1.0%) amounts in any sampling period are not 


included; numbers of fish are in parentheses. 
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were abundant in drift or benthos at that time (Tables 2-3), yet hydro- 
psychid larvae made up 28.2% of the total food volume, and glossosomatid 
larvae 18.8%. Neither group was present in stomachs in January and April 
1975 (perhaps because of a small sample size in the latter month), and 
only hydropsychids persisted as food items in October 1975 and January 
1976. 

The gradual decline in percentages of dipteran larvae recorded for 
stomachs of other minnow species throughout the study was less pronounced 
in T. cobitis because of its extensive cropping of simuliids in all but 
the last sampling period. Chironomid larvae were a relatively minor comp 
onent of the overall diet of the loach minnow (Table 8). 

Winged trichopterans appeared in stomachs in October, presumably 
having been captured upon emergence from puparia. Loach minnows cannot 
maintain position in midwater without violent swimming effort, dve in 
part to a greatly reduced air bladder. Feeding from the surface or even 
midwater areas of turbulent riffles is therefore unlikelyw It: is? inter- 
esting, however, that regression coeficients between stomach volumes of 
T. cobitis and some components of drift were relatively high (e.g. for 
total ephemeropterans, ato 0.86), and no such relationships were found 
between benthic biomass and stomach contents. The fish appears to dir= 
ectly sample benthic areas frome witbel much of the drift is derived, and 
the gross estimation of benthic communities afforded by my sampling 
was far less Edouiates 


Gila coarse-scaled sucker (Catostomus insignis).— This large 
Fe th nn ne 





species exhibited a generalized, carnivorous diet in Aravaipa Creek. 


The fish is typically a pool dweller (Minckley 1973), living on the 
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bottom in areas of cover such as undercut banks, boulders, or logs and 
other debris along the channel. It will sometimes visit midwater, and 
despite the suctorial mouth, has been observed to take food items in that 
area. Although the diet of C. insignis was almost as diversified as that 
of A. chrysogaster (38 items, Table 1), the average overlap with other 
species in Aravaipa Creek was only 44.3 (range 26.3 to 68.4%; Table 4). 
Most food items unique to the sucker were small, bottom-dwelling forms 
such as Acarina and microcrustaceans (Table 1). 

Baetid ephemeropteran nymphs were important foods of C. insignis 
through much of the study period, but Peri nymphs became progres= 
sively more so, andi were the dominant mayfly in stomachs in January 1976 
(Table 9). Abundance of tricorythids in benthos and drift did not follow 
that same pattern (Tables 2-3). Ephemerellid nymphs were abundant in 
stomachs only in April, and plecopteran nymphs contributed significantly 
to the diet only in January 1975. The only trichopteran larvae found in 
substantial numbers were glossosomatids, present in the greatest volumes 
in January 1976, at the peak of their density in the benthos (Table 2). 

Dipteran larvae made up the largest portion of stomach contents 
in January 1975, and tended to decrease in relative volume with time 
(Table 9). Chironomids remained important in stomachs of C. insignis 
throughout the study, fluctuating erratically with respect to availabil- 
ity indicated by benthic and drifting densities. Simuliid larvae were 
significant only in the first two sampling periods. | 

Summer-active turbellarians were heavily preyed upon by Gila 
coarse-scaled suckers, with some individual fish containing them excl- 


usively in July. 
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Table 9. Food habits of Gila coarse-scaled sucker, Catostomus insignis, from Aravaipa Creek, Arizona, 
1975-76. Organisms not occurring at more than trace (Tr. = < 1.0%) amounts in any sampling period 


are not included; numbers of fish are in parentheses. 
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Of foods eaten by C. insignis, ephemerellids, simuliids, and glos- 
sosomatids are characteristic of swift-water habitats. Their sporadic 
and relatively low occurrences in stomachs may be explained by drift of 
the animals into pools, where consumed, or by infrequent visits of ind- 
ividual suckers to riffle areas. Nine of the additional 28 invertebrate 
taxa that occurred in stomachs of C. insignis, but were too rare to 
quantify (Table 1) also were characteristic of swifter areas. Fifteen 
taxa were typical of stream margins or pool-like habitats, and four were 
winged adults of aquatic insects or were derived from terrestrial sources. 
Diversity in the pool-inhabiting forms was especially impressive, with 
? Pa ias of dipteran larvae being represented along withseall 3 groups 
of paicrocrustateenss plus oligochaetes and nematodes. 

As with T. cobitis, regression coefficients between some stomach | 
contents of C. insignis and drift data were interestingly high, while 
those with benthic densities were low. Drifting ephemeropteran nymphs 
versus stomach volumes in the same periods gave ae = 0.00, and) total 
dipteran larvae in the drift against stomach volumes was ro = Os 92. 

The only benthic value to exceed r* =< 0.5 was total ephemeropteran 
nymphs versus total mayflies in the stomachs (rn? SOO) « 

Gila mountain-sucker (Pantosteus clarki).— This species is assoc- 
iated with more turbulent waters of the mainstream of Aravaipa Creek, 
moving into riffles and rapids from protected places near boulders, then 
returning. Larger adults frequent strongly-flowing, deeper waters near 
undercut banks and other obstructions, often syntopic with C. insignis. 

Although dipteran larvae were a common component of the diet 


of mountain-suckers in January and April 1975, as were turbellarians in 
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Table 10. Food habits of Gila mountain-sucker, Pantosteus Clarki, from Aravaipa Creek, Arizona, theres. 
~76. Organisms not occurring at more than trace (Tr. = <( 1.0%) amounts in any sampline period are 


not included; numbers of fish are in parentheses. 
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July 1975, and baetid nymphs in January 1976, filamentous green algae and 
diatoms made up the major portion of total foods of P. clarki throughout 
the study (Table 10). Animal foods may well have been ingested incidental 
to plants. However, the high percentages of some groups on specific samp~ 
ling dates (e.g. turbellarians in July) indicate some degree of facultative 
utilization. 

The largest standing crops of filamentous algae in Aravaipa Creek 
were present in April 1975 and January 1976, and they were lowest in sum- 
mer and autumn, largely due to scour by flooding from summer rains (Bruns 
and Minckley ms; Table 2). The lowest percentages of total food volumes 
occupied by filamentous algae in P. clarki stomachs were in the same two 
periods (Table 10). Although the dominant filamentous alga in the channel 
was Cladophora, only small quantities of that taxon were present in the 
fish. Genera of algae fed upon included those eaten by A. chrysogaster 
(Mougeotia and Spirogyra) in trace quantities, and scarce Rhizoclonium, 
plus abundant Oedogonium. The first three algae are generally along 
shorelines of Aravaipa Creek and the last in the channel as an abundant 
epiphyte of Cladophora 

Diatoms also were adversely affected by spates, but recovered far 
more rapidly than large, attached algae, and rather consistent densities 
were maintained, especially in winter (Bruns 1977, Bruns and Minckley ms). 
When Cladophora choked the channel of the creek, P. clarki was observed 
mouthing fronds of the alga, and obviously removing attacned materials 
with lateral movements of the head and sucking action of the mouth. 
Stomachs contained great amounts of diatoms and Oedogonium at that time, 


and fragments of Cladophora also had been invested. After washout, the 
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mountain-sucker scraped epilithic diatom films from stones with the 
cartilagenous sheaths that invest its upper and lower jaws (in October; 


Table 10). 


DISCUSSION 


Fishes in Aravaipa Creek obviously present three general trophic 
patterns. The Gila mountain-sucker is the only herbivore, the longfin 
dace is at least a facultative omnivore, and the remaining five species 
are carnivorous. A single order of insects, the Ephemeroptera, bears 
the brunt of predation by most fish species (Fig. 5)- 

Mayfly nymphs averaged more than 60% of the total diets by volume 
in four carnivorous fishes for which quantitative data were compiled, and 
were also eaten by the Colorado River chub (Table 4), and by longfin dace 
(Table 5). Baetid mayfly nymphs were cropped more extensively than any 
other group (Tables 5-9). were the most ubiquitous, and had greater biom- 
ass than other invertebrates (Tables 2-3). Occurrences of ather families 
of mayflies in stomachs appeared to reflect differing habitat preferences 
of predators and of the prey, and seasonality of life history phenomena 
of the latter. On a relative basis, mayfly nymphs were remarkably unif- 
orm in benthic biomass throughout the study, being reduced in importance 
by increases in hydropsychid trichopterans only in the last two sampling 
periods (Fig. 6). Relative importance of mayfly nymphs by weight remained 
uniform in drift samples. 

Absolute values for benthos and drift, however, varied significantly 
from period to period (Fig. 7). Total drift was lowest in July, and the 


benthic biomass had declined at that time from the previous sampling period. 
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Since mayfly nymphs dominated Loth benthos and drift, changes recorded 
in Figure 7 result largely from adjustments in their popithation structure. 
Emergences of mayflies in winter and spring have been doimented by Bruns 
(1977) and Bruns and Hinckley (ms) for Aravaipa Creek. Average weights 
of individual mayfly nymphs decreased in April, to remain low throughout 
the summer as large numbers of early instars were recruited into the 
system. Small average sizes of baetid nymphs persisted through January 
1976 in benthic samples, but a large standing crop was present, and 
larger individuals appeared in the drift (Table ole 

Preferential selection of dipteran larvae by bottom feeding fish 
seems indicated by data for April 1975 (Fig. 6). Dipteran larvae were 
relatively abundant in benthic samples at that time, although far less so 
than maytly nymphs, yet they comprised a greater proportion of total stom- 
ach contents than mayflies in Rhinicnthys osculus, Dlarova CObLtL Sand 
Catostomus insienis (Tables 7-9; Fig. 6). Other fishes also ate subst- 
antial amounts of dipterans, but Meda fulgida and Agzosia chrysogaster 
contained mostly mayfly nymphs, and Pantosteus clari:i was feeding heavily 
“upon algae (Fig. 6). A relatively large year class of plecopteran nymphs 
was also present, and was being cropped by all fish species excepting 
P. clarki. 

Fach of these fishes, again excepting P. clarki, ate relatively 
greater amounts of ephemeropteran nymphs in April, perhaps exploiting 
the comparatively large, pre-emergence instars that were present. 

Dramatic changes in stomach contents of almost all fish.species 
occurred in July, coincident with declines in both dipteran larvae and 


mayfly nymphs, and a substantial decrease in average individual sices 
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Table 11. Mean weights of individual ephemeropteran nymphs, individ- 
ual baetid ephemeropteran nymphs, and numbers of each per unit sample 
in benthos and drift from Aravaipa Creek, Arizona, 1975-76. 
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of the latter (Figs. 0-7; Table 11). Alterations in food habits cons- 
isted of a shift by 3 of the 6 species to different prey items. Each 
of the alternates had increased in relative abundance in July from the 
previous sampling period. 

These changes reflected opportunistic feeding vehavior of each 
fish species within the realm of its respective habitat. Spikedace 
increased its use of drifting materials, terrestrial and winged aquatic 
insects, exploiting its mid- to surface water habits. Loach minnows 
began to prey heavily upon rheophilic trichopteran larvae (in fact, toa 
degree disproportionate to the indicated abundance of that group; Fig. 6). 
The third species, Gila coarse-scaled sucker, amplified its cropping of 
bottom inhabiting turbellarians that had commenced in April, until they 
made up more than 40% of its total stomach contents in July. 

Diversification of diet was minimal in speckled dace, with a small 
increase in predation upon winged insects being the only obvious change in 
July. Perhaps this was a response to slight increases in abundance of 
that fcod source in summer (Fig. 6). Gila mountain-sucker fed upon turb- 
ellarians, to the exclusion of other invertebrates, but this may reflect 
incidental intake of the abundant flatworms from riffle bottoms. Longfin 
dace persisted in feeding upon algae in July, along with a consistent 
ration of mayflies, and even showed a tendency toward supression of div- 
ersity of diet in summer and autumn (OF tor aeaD Jus 

Percentage total stomach volumes of all species decreased dram- 
atically from April levels in July, and remained relatively low through 
October (Fig. 7). Intuitively, decreased stomach contents would imply 


a lower availability of foods. Yet changes in qualitative feeding habits 
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was obvious in only 3 of 6 species. It seems likely that decreased food 
intake in summer and autumn reflects physiological states of the animals, 
induced by high summer temperatures, reduced reproductive activity, or 
some other factor, rather than changes in the food base. However, the 
parallels in Figure 7 are intriguing, and bear further research. 

As mayfly nymphs returned to a more clear-cut position of dominance 
in the stream in October, average sizes of individual nymphs increased, 
and alternate food organisms declined in abundance (in 2 instances of 
3 recorded), food habits of the fishes shifted back to a pre-July cond- 
ition. Dipteran larvae failed to increase to their former abundance, 
however, and were largely replaced in benthic biomass by trichopteran 
larvae. The fishes generally responded in turn, and trichopterans were 
consistently present in stomachs of all species except P. clarki in Jan- 


uary 1976 (Fig. 6; Tables.5- 10). 


CONCLUSIONS 


Various foods in Aravaipa Creek, Arizona, were cropped by the nat- 
ive fishes in general relation to their abundance within the system. All 
fish species, with the exception of a single herbivore and a facultative 
omnivore, fed upon the same staple item, ephemeropteran nymphs, and sec- 
ondarily upon trichopteran or ovecen larvae, or winged insects. The 
herbivore took in animal food when an item was abundant, and the omniv- 
orous species ate almost as many mayfly nymphs, on the average, as did 
carnivorous forms, but apparently selected against other food organisms. 


The degree to which diets of fishes resemble one another in a 


given system may have profound affects upon their feeding characteristics 
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Kawanabe 1959, Keast 1966). At times when foods are plentiful, direct 
affects of broad overlap in diet may be negligable. However, when foods 
are scarce, fishes with the greatest similarity in diet will face incr- 
eased interspecific interactions (Starrett 1950, Zaret and Rand 1971). 
Competitive pressures will be most severe for those species having nar- 
row or inflexible feeding habits (Kawanabe 1959). 

In Aravaipa Creek, abundance of invertebrate foods, coupled with 
marked spatial partitioning of habitat by the fishes present, seems to 
preclude severe interspecific competition for food. Even species with 
limited food habits and feeding repertoire, for example Tiaroga cobitis 
that ate only 11 of 75 items that were considered available and was almost 
monophagic on 4 of 5 sampling dates, seemed to have no difficulty in 
shifting to an alternate food source when mayflies became less abundant. 
Decreased total stomach volumes in all fishes in July, when the major 
shifts in food habits occurred, may have related to decreased food supply. 
However, stomachs remained relatively empty in October after benthos 
and drift increased, and shifts from alternate food supplies back to 
mayfly nymphs also had occurred. 

Mendelson (1975) similarly found that standing crops of fish food 
organisms appeared sufficient in Roxbury Creek, Wisconsin, to support 
larger fish populations than were actually present. Starrett (1950) 
observed that food was abundant and not an obvious limiting factor for 
several species of minnows in the Des Moines River, Iowa. All were able 
to draw from a common food base with little or no apparent competition. 
If direct competition for food were a significant factor in these 


systems, greater livergence in diets might be expected (Lawlor and Smith 
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1976). In situations where little partitioning of the food supply by 
fishes appears to occur, such as in Aravipa Creek, opportunism appears 
a common tendency (Mendelson 1975, Keast 1966). When a staple food 
decreases in abundance, a rapid shift occurs to other, locally or seas- 
onally abundant items. Some species continued to feed, generally upon 
the same foods throughout the year, while others shifted, each to a dif- 
ferent alternate prey. The shift by this last group of fishes implies 
a sophisticated spatial and behavioral adjustment that allows exploitat- 
ion of the existing food base without increasing interspecific feeding 


interactions. 
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ABSTRACT 


About 2,100 native minnows (Gila robusta Baird and Girard) and 
suckers (Pantosteus Clarki (Baird and Girard], Catostomus insignis 
Baird and Girard) were tagged for a mark-recapture study of movements 
In Aravaipa Creek, Arizona, 1978-79. Fish movements radiated 
seasonally from and toward a central gorge of the stream. Dispersal 
was from the gorge in winter and toward and into it in summer, the 
latter presumably in response to high water temperatures. Floods had 
little influence on movement patterns and home ranges or territories 


were not evident in most individuals studied. 
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FIGURE 1. Aravaipa Creek, Arizona: a) location of stream within 
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FIGURE 13. Times, distances (m X 100), and directions of 
movements of Catostomus insiqnis in Aravaipa Creek, Arizona, 
og oer Mme CNG eects Motes a) tells hie Seite) te" 6) wale 98 siya ite else 0 01350 





FIGURE 14. Summary information for regression analysis of distance 
moved (m X 100) and total length of fishes in Aravaipa Creek, 
Arfzona, 1978-79. BO 61 616 DO 8.6 116 1) 6, he 6) 8 ee Ce) Of 6 16 Th @ | Oo) re. 0,.- 0 6." 6.) e 359 








wit ae 
i ‘ ren ge ae 
17 ‘ rt r : ‘ : . Ag : 
Abas Behr io enolsoay D 
tee i sBags 1A Aas froma. 
RE « isa 6 eee Sie bie at 


fee we Ai | 

san aid 3. 1 tel 
sizib 20 eleVvlane noleBen 
ead aqisvet nl 


32] 


INTRODUCTION 


Essentially all research on movements of fishes in streams has 
been concentrated on sport or commercially important species. Allied 
with these observations were others indicating that individual fish, 
and some species, appeared sedentary. A flurry of investigations on 
movements, lack of movements, homing, and orientation of fishes 
characterized research in this area of biology in the 1950s and 
1960s. During that time and to date no such information has been 
compiled on species native to the American Southwest. What is known 
is largely anecdotical, and concerns large, visible species once 
common, but now rare. Species such as the Colorado River squawfish 
Ptychocheilus lucius Girard, and razorback sucker, Xyrauchen texanus 
(Abbott), reportedly ''ran'' upstream in great numbers in now-dry 
master streams of the region in spring, earning in the case of the 
former the name of ''white salmon of the Colorado'' (Miller 1961, 
Minckley 1973). 

Aravaipa Creek, southeastern Arizona, supports a nearly intact, 
native fish fauna (Barber and Minckley 1966). The present study of 
some of these fishes was undertaken with hopes of providing insight 
into movements in a Southwestern riverine environment, and began with 
the emperical observation that large, long-lived fishes were 
seasonally abundant, then essentially absent, from some reaches of 


the system. 
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DESCRIPTION OF THE AREA 


Aravaipa Creek has been described by a number of investigators, 
and the following summarizes those sources plus my own observations on 
aspects deemed pertinent to the present report. References for 
additional information include Barber and Minckley (1966), Bruns and 
Minckley (1980), Minckley (1980), and references cited. 

Perennial flow surfaces from gravelly substrate approximately 6.5 
km northwest of Klondyke, Graham County, Arizona, maintains surface 
discharge for about 40 stream-km, then typically recedes into its bed 
7.6 km upstream from the confluence with the San Pedro River, Pinal 
County (Fig. la-b). The upper 10 km flows through a broad, open | 
valley. A central portion passes for about 17 stream-km through the 
narrow Aravaipa Canyon (10 to 100 m wide; hereafter termed Aravaipa 
Gorge), between sheer walls that rise to more than 200 m above the 
stream. The gorge then widens to consist of a steep-sided valley cut 
in sloping bajada deposits of the Galiuro Mountains along its last 14 
km. Surface water from Aravaipa Creek enters the typically dry San 
Pedro River only in times of unusually high and sustained discharge. 

Patterns of discharge for streams in southeastern Arizona are 
highly seasonal, variable, and general ly low in volume (Burkham 1970). 
Base (modal) discharge in winter in Aravaipa Creek is Dey m/s. A 
strongly bimodal pattern is evident in summer, with a low mode of 
0.14 m?/s and an upper level near 0.28 m/s. Low discharge is 
maintained by springs and seepage from the aquifer, and the higher 


mode is presumably a result of summer spates from local rainfall on 
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FIGURE 1. Aravaipa Creek, Arizona: a) location of stream within the 
state; b) sketch map of watershed; and c) diagram of perennial section, 
depicting limits of Aravaipa Gorge, upper and lower reaches, and 
stream segments as designeted in text. 
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watersheds of tributary canyons. Discharge as low as 0.008 m3/s has 
been recorded (20 August 1940). 

Superimposed on the generally low volumes of discharge in desert 
streams In a high potential for violent and destructive flooding. 
Winter flooding is from regional rainfall, or snowmelt from adjacent 
highlands, and is generally characterized by long-term hydrographs. 
Summer spates result from local rains, usually thunderstorms, and flood 
crests are abrupt and short term (Fig. 2). Probabilities of flooding 
are highest in February-April and July-September, and spectacularly low 
in May-June (Fig. 3). Few floods exceed 2.0 m3/s, but maximum 
instantaneous flow was 566 m?/s (19 August 1919), more than 4,000 times 
the ]ower mode of summer discharge! 

Variations in water temperatures in Aravaipa Creek are equally 
as impressive as those in discharge. Two thermal seasons, winter and 
summer, are apparent (Table 1, Fig. 4). Winter includes November 
through March when mean water temperature is 13.10 + vais hed Cedamres 
4.0 to 20.5°) at above= and below canyon pean Mean water 
temperature in summer Is 23.93 + 2.029 C (limits 17.0 to 33.2%). 
Temperatures in spring and autumn periods of transition are not 
significantly different and average 16.64 + 0.94° c (limits 12.4 to 
22.52). Maximum daily variation in summer and winter, respectively, 
is 12.5 and 11.59 C, with mean daily variation not differing between 
seasons (X = 7.58 + 2.39, n = 504). Heating is rapid in open, unshaded 


reaches, and daily maxima are attained between 1200 and 1600 hours. 





v7, 
— Means followed by + one standard error, as used throughout text and 
tables. 
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FIGURE 2. Mean daily discharges of Aravaipa Creek, Arizona, 1978-79; 
from provisional records of the U. S. Geological Survey, Tucson, Arizona. 
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FIGURE 3. Monthly probabilities of flooding greater than indicated levels 
of discharge. Computed from 13 years of data, 1967-79 (U. S. Geological 
Survey 1975 and unpublished). 
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TABLE 1. Mean water temperatures for winter and summer in above- and 
below-canyon reaches of Aravaipa Creek, Arizona; number of samples 
followed by limits in parentheses (from Minckley 1980). 





Seasons Above Canyon Below Canyon 





Winter [asighe 0.5250 C 11. S082 vO LoeG 


(1p 0, Samat 8.25, Clee (Laer 436-520 .5°..C) 


Summer 22060 snl. 060°C 25ro0ws 2.105 C 
(TOON OT esac Oracle (SG) 1865.2 133.5°).C) 
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FIGURE 4. Means and ranges of water temperatures for above- (open circles) 
and below canyon stations (dots) in Aravaipa Creek, Arizona. Computed as 
the mean of maximum and minimum daily temperatures (Macan 1958). 
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Cooling also is rapid, once angle of incident light becomes low, the 
stream is shaded, or sunset occurs, and water temperatures are lowest 
at sunrise. Subtle differences exist between above- and below-canyon 
reaches. The former is slightly warmer in winter and cooler in summer 
than the latter (Table 1), presumably due to greater inflow from the 
aquifer and underflow in coarse alluvium. 

The section of stream within Aravaipa Gorge differs further from 
the remainder in its thermal regime (Table 2). Canyon walls completely 
shade much of the reach, so that only diffused light reaches the 
water's surface and evaporation into low-humidity desert air results 
in substantial cooling. Temperatures of water in the gorge in summer 
were 3.1 to 8.8° C cooler at mid-day than those at other stations. 
Barber et al. (1970) first anticipated this phenomenon when they 
attributed lower growth rates of spikedace (Meda fulgida Girard) in 
Aravaipa Gorge to presumably-depressed summer temperatures. 

Winter temperatures within the gorge also are lower than those 
outside. Temperature at 1300 hours within the upper segment of gorge 
was 15.0° C. Mean winter temperature at that time of day at above- 
canyon stations was 16.37 + 1.50°. Temperature at 1300 hours for a 
locale near the lower end of the gorge was 11.0° C, and mean winter 
temperature downstream at that time was 14.11 + 3.33%. 

Instability and variation also are prevalent features of the stream 
channel of Aravaipa Creek. Substrate, discharge relations, and channel 
configuration all suppress development of pool-riffle habitat types 
that characterizes temperate streams (Hynes 1970). Much of the creek 


consists of long reaches of more-or-less braided channel, flowing over 
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TABLE 2. Mean water temperatures at mid-day on selected dates above, 
within, and below Aravaipa Gorge, Arizona; number of samples followed 
by limits in parentheses (from Minckley 1980). 





Dates Above Canyon Within Below Canyon 
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coarse gravel and sand. Such runs are separated at Irregular intervals 
by short, turbulent riffles that are less than 15 cm deep at modal 
discharges. Riffle substrates are coarse gravel, cobble, and smal] 
boulder. Pools are infrequent and appear only where canyon walls, 
boulders, or an occasional fallen tree obstruct flow and induce scour. 
Pools scoured around and beneath such obstructions are 0.75 to 1.0 m 
deep, and occasionally to 1.5 m. Bottoms are usually unstable in such 
habitats as a result of continuous transport of sand by local turbulence, 
and pools other than those maintained by the most permanent features 
are transient. Flooding displaces logs and boulders and fills scour 
basins with sand, and in wider places the channel may move, isolating 


pools in one place and creating others nearby. 
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METHODS AND MATERIALS 


Three of the seven native fishes inhabiting Aravaipa Creek attain 
a large enough size, 10 cm or more in total length (Fig. 5), to be 
marked with anchor tags. One, Gila robusta Baird and Girard) (round- 
tail chub) is a minnow (Cyprinidae), and two are suckers (Catostomidae) , 
Pantosteus clarki (Baird and Girard) (desert mountain-sucker) and 
Catostomus insiqnis Baird and Girard (Sonoran sucker). Fishes were 
captured by electrofishing apparatus delivering an alternating current 
of 115 volts and 0.6 amps. Care was taken to avoid over-exposure of 
stunned fishes to electricity, current being applied only to allow 
dip-netting. 

Fishes were marked with a colored, individually numbered, anchor 
tag obtained from Floy Tag and Manufacturing Company, Seattle, Washington, 
inserted by needled tagging gun through the dorsal musculature and 
secured among medial pterygiophores of the dorsal fin. Implanted tags 
trailed posterolaterally along the dorsolateral surface. Potassium 
permangenate solution was applied to the tagging wound to minimize 
susceptibility to infections. Marking mortality and tag loss were not 
assessed, but were considered low. Few fish ever exhibited scarring 
where a tag would have been shed, and little mortality was evident on a 
24-hour basis following marking. 

Tags consisted of a nylon crossbar anchor and 60-mm shaft over 
which a 1.75-mm (outside diameter), colored, 45-mm-long vinyl tube was 
fitted. A combination of tube color and number provided each fish with 
a permanent, unique identifier. Use of tag color proved impractical, 


however, Without the fish in hand, because of over-growth by algae. 
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FIGURE 5. Size-frequency distribution of fishes tagged and recaptured in 
Aravaipa Creek, Arizona, 1978-79. Four hybrid catostomids were excluded, 
thus n = 241 fishes. 
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Further, discrimination of certain tag colors, e.q. shades of orange 
vs. yellow, blue vs. green, even in clear, shallow water, proved 
impractical. 

Tagging was concentrated in segments of stream that enabled 
estimation of general movement patterns for the entire system (Fig. 
lc). Time and inaccessibility limited tagging to generally outside 
the innermost gorge, and five sub-reaches were designated: Segment |!) 
upstream from Aravaipa Gorge, from the source to Turkey Creek; 11) 
from the beginning of Aravaipa Gorge (Turkey Creek) to 4.0 km 
downstream; !11) 3.5 km long, including 1.5 km of the lowermost gorge 
(1 11a) to 2.0 km downstream from the gorge (IIIb) grouped as segment 
11! for some analyses); IV) the next 5.0 km of stream below Segment 
I11; and Segment V) the last 7.0 km of flowing water nearest the San 
Pedro River. An effort was made to mark all individuals of adequate 
size encountered in all habitats of a segment - pools, riffles, and 
runs. No tagging was done during June through September to avoid 
excessive fish mortality that may result from combined stresses of high 
temperatures and electrofishing. 

After tagging, tag number, locality, date, total length, weight, 
sex, breeding condition, and habitat notes were tallied for each 
individual. Fishes were then released at the point of capture. 
Localities were recorded as meters upstream from the junction of 
Aravaipa Creek and the San Pedro River, as taken from 7.5-minute 
topographic maps (U. $. Geological Survey) previously marked in 100-m 
increments. Precision in determination of a locality and later 


re-identifying it was within 10 m. 
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Fish movements were followed by direct recapture of previously 
tagged individuals from throughout Aravaipa Creek. Sampling was 
bI-weekly to monthly during the period from September through May, and 
every six weeks from June through August, for 22 months beginning 
January 1978. Minimum distances moved were calculated by subtraction 
of the point of original capture or any point of earlier recapture 
from the place of recapture on a later date. Thus the sign of the 
result indicated direction of movement, a positive difference 
indicating travel upstream and a negative difference, downstream 
dispersal. 

Computations for analysis of variance and linear regression were 
done by Univac 1110/42 Computer, using programs from the 1975 version 
BMDP Package (Dixon 1975). Groupings for analysis of variance were by 
sex, species, segment in which a fish was tagged, and season. 
Regression analysis was used to study relations between distances 
moved and total length, and between distances and locality of tagging. 
Randomness of movement (or lack of such) was examined by treatment of 
each fish's travel as a Bernoulli trial, with two possible outcomes — 
upstream or downstream — and a probability (p*) of either of 0.5. 
Distribution of outcomes of trials.was then compared to the binomial 
distribution and probability of the observed distribution occurring 
by chance was computed. Fishes were grouped for this analysis by 
stream segment and by season. For analytical purposes designations 
of seasons follows the pattern given earlier for the thermal regime of 
Aravaipa Creek (winter and summer). Upper Aravaipa Creek is defined 
as above the gorge (Segment 1), and lower Aravaipa Creek is below 


that reach (Segments II1b-V). 
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RESULTS 


Almost 2,100 fishes were tagged in Aravaipa Creek, of which 219 
(10.4%) were recaptured at least once and 23 were caught 2 or more 
times (Table 3). One Sonoran sucker was captured on five separate 
occasions. 

All fishes tagged in Aravaipa Creek were inclined to move. Most 
individuals recaptured (83.7% in the lower segments and 80.5% in upper 
segments) had moved more than 100 m from the point of tagging. 
Distances moved by fishes up- or downstream were considerable, and 
those of a few were spectactular (Fig. 6). Differences in mean 
distances moved were not significant among species (Fig. 7), or 
between sexes (Fig. 8). 

For purposes of analysis, fishes which moved less than 100 m 
were considered to have not moved at all, an assumption that appears 
valid since no individual of this group moved further than 60 m from 
its point of initial marking (Fig. 6). This distance is well within 
limits of home ranges calculated for other fish species, and 
particularly for other catostomid species In Indiana (Gerking 1953). 

Analysis by stream segments reveals that fish movements were 
directed into and out of Aravaipa Gorge. Since that reach is in 
the middle of the stream (Fig. Ic), movement to achieve a position 
within it from opposing ends, or a position outside from within, must 
be in opposite directions. Fishes tagged in Segment I! moved 
upstream, a direction that took them away from the gorge toward 
Segment | (X = +3.718 + 10.889 m [x loo], n = 96), and fish tagged 


within the lowermost reach of the gorge (Segment II1a) moved down 
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TABLE 3. Numbers of fishes tagged (T) and recaptured (R) one or more 
times from Aravaipa Creek, Arizona, 1978-79. 


Ce ee ee 


Gila Catostomus Pantosteus 
Reach robusta insignis clarki Total 
T R T R G R T R 


Be lee ee ses eens ceca cca ceca se aor a paren IESE nse anGnEInT ETE aT 


Segments |-II 396 55 679 33 281 64 1,366 152 
Segments I11-V 344 14 269 50 118 29 Jan 93 
Total 740 69 948 83 409 93 2,097 245 
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FIGURE 6, Distances moved (m X 100) by fishes up- and downstream from 
points of tagging in Aravaipa Creek, 1978-79. 
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FIGURE 7. Summary of distances moved (m X 100) by fishes in Aravaipa Creek, 
Arizona, 1978-79, with a summary of analysis of variance of mean distances 
moved among species. 
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FIGURE 8. Summary of distances moved (m X 100) by fishes in Aravaipa Creek, 
Arizona, 1978-79, with a summary of analysis me variance of mean distance 
moved between sexes, 
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(X = -3.200 + 13.450 m Cx 100), n = 14). Individuals in segments 1, 


lltb, IV, and V, all outside Aravaipa Gorge, moved toward that gorge. 


Those in Segment | moved downstream (X = -8.421 + 15.392 m [x.100], 
n = 57), and those in segments IIIb (X = +7.110 + 27.791 m [x 100], 
n= 41), Iv (X = +13,094 + 33.654 m [XK 100], n = 33), and V (X = 


+92.000 + 20.543 m [x 100], n = 5) moved upstream. Bernoulli trial 
analysis of directions of movement revealed trends within each segment 
to be significant (Table 4). 

Location of eacging relative to Aravaipa Gorge also appeared to 
be of major importance in distances moved. Travel toward the gorge 
by fishes in the lower segments decreased spectacularly with increased 
proximity to the gorge (Fig. 9). Regression of distance on location 
of original capture yielded a slope differing significantly from zero 
and substantiated results of segmental analysis (Fig. 10a). Returns 
from the upper segments were not sufficient to segmentally analyse 
distances moved relative to gorge proximity, but regression of distance 
moved and original tagging locale for the upper reach proved 
significant (Fig. 10b). Thus, there is little reason to believe that 
relations between distance moved and original tagging locale for fishes 
in the upper reach would differ from those observed for downstream 
fishes, 

Directional patterns of movement relative to Aravaipa Gorge 
becomes even clearer when seasonal trends are considered, Fishes. in 
upper segments moved toward the gorge during late winter through 
summer, and upstream from the gorge in the transitional period 


between summer and the following winter. Those in the lower reach 
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FIGURE 9, Distance moved (m X 100) by fishes in various segments of 


Aravaipa Creek, Arizona, 1978-79, with a summary of analysis of variance 
of mean distances moved among segments. 
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FIGURE 10. Summary information for regression analysis of distance moved 
(m X 100) by fishes relative to tagging locality: a) lower Aravaipa 
Creek; and b) upper Aravaipa Creek. 
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TABLE 4, Summary of Bernoulli trial analyses for direction of movement 
by stream segment for fishes that moved in Aravaipa Creek, Arizona, 
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moved in opposite directions, upstream in late winter through summer 
and downstream during summer-winter transition. Although sample size 
hinders analysis in later parts of the study, especially in the lower 
reaches, Bernoulli trials of seasonal trends in direction demostrates 
patterns that are scarcely due to chance (Table 5). Seasonal trends 
of direction and the opposing nature of movements of individual fish 


in different sections of the stream are emphasized in Figures 11-13. 
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TABLE 5. Summary of Bernoulli trial analysis for seasonal direction of movement of fishes that 
moved in Aravaipa Creek, Arizona, 1978-79. 





Upper Lower 
Species Season Moving Moving n p* Moving Moving n p* 
up down up down 


a 


Gila late winter k 13 17 0.018 7 3 10 OS] 
robusta 1978 ¥ 
late summer 1] | 12 0.003 2 2 4 0.375 
1978 
late winter 9 5 14 0.122 -- -- -- =a 
1979 
Pantosteus late winter h 16 20 0.005 10 13 23 0.136 
clarki 1978 
late summer 18 11 29 0.060 Z 0 2 0.250 
1978 
late winter 3 4 7 Os273 -- -- -- 0 wee ee 
1979 
Catostomus late winter 5 10 15 0.092 28 10 38 0,002 
insignis 1978 
late summer 2 2 h 0.375 3 0 3 0.125 
1978 
late winter Z. 3 5 023142 -- == Singh Hr 


[979 


OE 


TABLE, 5% 


Species 


All fishes 
combined 


Concluded, 


Season 


late winter 


1978 


late summer 


1978 


late winter 


1979 


Upper 
Moving Moving n 
up down 
13 ao 52 
31 14 4S 
14 12 26 


Lower 
Moving Moving n p* 
up down 
ks 26 71 0.007 
7 2 ) 0.070 


LHe 


FIGURE 1]. Times, distances (m X 100), and directions of movements of 
Gila robusta in Aravaipa Creek, Arizona, 1978-79. Mid-point of vertical 
axis represents point at which fish was tagged; upstream movement depicted 
by arrow pointing upward; downstream movement represented by downward- 
directed arrow; horizontal axis comprises months of study; position of 
arrow on last axis indicates time at which fish was marked; and length 
indicates perfod over which movement occurred. 
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FIGURE 12. Times, distances (m X 100), and directions of movements of 
Pantosteus clarki in Aravaipa Creek, Arizona, 1978-79. Symbols as in 
Figure ll. 
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FIGURE 13. Times, distances (m X 100), and directions of movements of 
Catostomus insignis in Aravaipa Creek, Arizona, 1978-79. Symbols as in 
Figure Il. 
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DISCUSSION AND CONCLUSIONS 


It Is clear that fishes In Aravaipa Creek move extensively and 
that movements revolve seasonally around the inner gorge. Fishes 
In opposite ends of the stream move in opposing directions, both 
toward the central gorge at the same time of year, then disperse up- 
and downstream at another, 

Desert streams typically differ from those in more mesic zones 
in that they gradually increase in discharge from the source to some 
intermediate elevation, then suffer diminution in discharge as 
evapotranspiration and infiltration into alluvium take effect. 
Temperatures increase up- to downstream, but do so far more [In lower 
reaches where altitudinal effects and decreased water volumes prevail. 
Water depths also are greatest In middle sections in the presence of 
greater volumes of flow. The presence of canyons, typical of the 
middle parts of watercourses flowing from mountains jn southern 
Arizona, further enhances diversity. Shading ameliorates air and 
water temperatures, as in Aravaipa Creek, intense light is reduced, 
and rocky bottoms and walls stimulate scour of pools so depths may be 
exaggerated, Within this linear mosaic, fishes distribute themselves 
or are distributed in a manner that presumably enhances survivorship. 

Fish movements toward Aravaipa Canyon corresponded generally 
with diminution in discharge at both the upper and lower ends of the 
stream after winter flooding. However, it must be emphasized that 
more than adequate volumes of water were present in 10 km of the 


upper reach and 14 km below the gorge to support fishes throughout 
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the year. The source rises abruptly and is relatively constant in 
position, whereas the point where water re-enters alluvium downstream 
varies a few hundred meters in posftion through the seasons, 

Fishes remained within the gorge during summer floods, and on 
the basis of this, commonly held ideas concerning effects of flood on 
fishes border on unproven dogma. It would seem counterproductive for 
fishes to comgregate in the gorge where flood impacts must be 
exaggerated by constraining walls and thus be most severe. Yet they 
passed into or out of that reach during times of year when probabilities 
of flooding were highest (Fig. 3), seemingly Ignoring such events. A 
massive flood in mid-December 1978 (Fig. 2) uprooted riparian trees 
more than a meter in diameter and transported them away. That flood 
was larger than any recollected by residents of more than 60 years, 
yet it, and another in early March 1978, made no apparent differences 
In patterns of dispersion and movement by fishes studied. Gerking 
(1950) similarly found stream fishes to be little [f at all displaced 
by flooding in Indiana, and Deacon and Minckley (1974) could find few 
references indicating destruction or significant modifications of 
native Southwestern fish faunas by flooding. 

A causal connection between drought or flood and patterns of 
movement is thus problematical In Aravaipa Creek. Drought conditions, 
if producing a retreat of source and lower end of the system toward 
the middle, would obviously force movements, but the origin remained 
stationary and the downstream sink moved less than a kilometer. 
Floods would necessarily have to stimulate movements in opposite 


directions in upper and lower segments, and also in different seasons 
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within the same reach, These factors are thus rejected as major forces 
influencing observed patterns of movement by fishes in Aravaipa Creek. 

Little is known of orientation to temperature by fishes In nature, 
but it has long been established that they possess a preferred range. 
lf presented with a thermal gradient, a fish selects a point(s) within 
a given range and remains there. Ortho= and klinokInesis have been 
proposed as mechanisms for orientation by fishes in such systems (Harden 
Jones 1968). Fishes move more often when outside their preferred range, 
slowing or stopping once that range is attained (Sullivan 1954). 
Temperature does not necessarily act as a directive force in smal] 
streams, since large daily fluctuations and local heterogeneity may 
preclude that phenomenon, but it does provide a gradient for selection 
of preferenda (Brett 1956). Receptors on the body surfaces and in the 
acousticolateralis system are amazingly sensitive to thermal changes, 
and discrimination capabilities are high (Bull 1936, Breder 1951, 
Collins 1952). 

Aravaipa Creek, except in periods of seasonal transition, presents 
a complex series of thermal gradients. Daily and seasonal minima and 
maxima are decidedly lower within the canyon, and the bi-directional 
gradient from the canyon to each end of the stream is of rising 
temperature. Caution must be exercised when stressing thermal maxima 
in aquatic habitats as they have been shown to possess extraordinary 
heterogeneity (Young and Zimmerman 1956, John 1964, Minckley and 
Barber 1971, Deacon and Minckley 1974). Yet in summer, when values 
in Aravaipa Gorge are likely to be 2 to 8° C cooler than outside, 


waters above and below the gorge attain and in some instances exceed 
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lethal temperatures for some of the fishes. Deacon and Minckley (1974) 
reported moribund and dead loach minnow (Tiaroga cobitis Girard) in 
lowermost Aravaipa Creek at 3005. C, and noted dying roundtail chub 
near that same temperature at another locality in Arizona. Although 
anecdotical, long-term residents along Aravaipa Creek stated that fish 
die-offs have frequently occurred in lower reaches in summer, presumably 
due to high temperatures. Riparian gallery shade may provide some 
thermal relief In limited areas, and stratification in the few largest 
and deepest pools also may be available. However, Aravaipa Creek was 
found surprisingly uniform in temperature by Minckley (1980), and 
especially so in the lower portion, and it is doubtful that 
microhabitat differentials afford sufficient situations for relief 
from stressful or uncomfortable conditions for large numbers of fishes. 
Thus, little recourse seems available other than seeking ameliorating 
conditions within the canyon in summer. 

Segments | and V were essentially fishless in summer except for 
longfin dace (Agosia chrysogaster Girard), a small cyprinid fish 
capable of withstanding hot, severe conditions (Minckley and Barber 
1971), and juveniles of larger species. Local residents substantiate 
the general absence of large suckers and ''Verde trout!' (the last a 
local vernacular for Gila robusta) in lowermost reaches of the stream 
in summer and their abundance in winter. Fishes in Segment V must 
move great distances to attain the gorge, and it is doubtful that all 
travel that far. A few deep, protected pools between Segment V and 
the gorge contained fishes year around. Although these habitats were 


too deep to sample with available equipment, a number of tagged 
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individuals of indeterminate origin were observed from the banks jn 
July of both 1978 and 1979. 

Wintertime temperatures are not likely to approach lethality 
anywhere in Aravaipa Creek, but those outside the gorge are warmer, 
especially in above-gorge reaches where inflow from the aquifer 
maintains relatively warm conditions on even the coldest nights (Fig. 
4). Thus fishes may seek warmer areas outside the gorge in winter. 
Segments | and II! through V abounded with all fish species in winter. 
Suttkus and Clemmer (1979) indicated a similar wintertime situation 
in the Colorado River above Grand Canyon, Arizona. That stream now 
receives hypolimnic water from Lake Powell at a relatively constant 
temperature of 7 to Lomas (Kubly and Cole 1979). Flannelmouth suckers 
(Catostomus latipinnis Baird and Girard) remained in a tributary, the 
Paria River, so long as its water temperature remained higher than 
that of the mainstream. When temperature in the Paria dropped below 
that of the Colorado, the suckers moved to the larger stream. In such 
instances, orthokinetic movements stimulated by temperatures outside 
a preferred range accounts for a net movement of fishes to a particular 
place along a gradient. Travel simply may slow or stop in the reach 
possessing a more favorable (preferred) range. 

Factors other than temperature may bear upon patterns of movement 
by fishes in Aravaipa Creek. Water is normally clear and shallow in 
the system, and insolation is intense in open areas. All fishes of 
the genus Gila appear to actively avoid sunlight (Deacon and Minckley 
1974), and probably do other fishes in deserts. Injurious sunburn 


has been documented for desert species (Minckley and |Itzkowitz 1967, 
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Minckley and Barber 1971), and is known in trouts and other fishes 
under hatchery conditions (Corson and Brezosky 1961). Death may 
result from sunburn or secondary infections, with the difference being 
of little consequence. Light may thus stimulate or force movement to 
shade, and Aravaipa Canyon is the most extensive part of that stream 
that is reliably shaded. 

Light as a permissive factor could only reinforce thermal effects, 
Intensity may be too high to permit residency in outside-gorge places 
in summer, and orthokinesis may again be suggested as the mechanism 


by which gorgeward movements are achieved. In situ separation of 





these factors is presently infeasible since Minckley (1980) demonstrated 
light and thermal regimes in the stream to be so intimately related as 
to be functionally interchangable. It is possible that one of these 
factors provides the primary stimulus to move and the other the 
perferendum at which movement is terminated. 

Reproductive activities obviously stimulate movement in some 
fishes, but it is doubtful that procreative urgings are responsible 
for events observed in Aravaipa Creek. Observations on documented 
(Raney and Webster 1942) and supposed (Suttkus and Clemmer 1979) 
Spawning runs of catostomid fishes indicate travel upstream and then 
relatively rapid drift downstream after the reproductive act, a pattern 
scarcely characterizing suckers in Aravaipa Creek. Circumstantial 
evidence against a causal relationship between reproduction and 
movements was strongest in 1978. During the typical spawning season, 
February-May (Minckley 1980), movements were directed into Aravaipa 


Gorge by fish in both upper and lower reaches. In the following 
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autumn, October-November, catostomids In the stream again attained 
Spawning condition, and presumably reproduced at a time when movements 
were directed out of the gorge. 

Movements of fishes in Aravaipa Creek in an apparently highly 
directed manner relative to the central] gorge may imply other than 
orthokinetic mechanisms. Yet other hypothesis, such as imprinting that 
has been demonstrated as important in guiding sunfishes and salmons to 
a ''home!' area (Donaldson and Allen 1958), encounter difficulties. 
Movement downstream would have to be unguided (if a cue existed) until 
a destination had been reached or passed, since sensory sampling of 
downstream environments is impossible. A more direct genetic control 
of direction of movements also might be advanced. Conditions in desert 
streams are certainly harsh enough to be strong selective forces, and 
more salubrious conditions within the canyon could be advantageous. 
However, movements in opposing ends of the creek are in opposite 
directions, requiring two stocks. Small size of the stream and the 
fact that some tagged fishes traversed essentially the entire system 
obviously negate this possibility. 

Home ranges, amply documented elsewhere for many stream fishes 
(Gerking 1950, 1953, 1959, Funk 1957, Gunning and Shoop 1962, 1963, and 
references cited), were indicated for only a few individual fishes in 
Aravaipa Creek, The stream is the epitomy of instability of substrate, 
with only those pools maintained by continuous scour against canyon 
walls remaining stable (present) through time. This was similarly 
observed by Turner and Karpiscak (1980) in the much larger Grand 


Canyon, where persistence of geologically-maintained pool habitats 
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was documented over time by paired photographs. Fajen's (1963) 
observations on influence of stream Stability on home range and homing 
in smallmouth bass (Micropterus dolomieui [ Lacepede] ) are particularly 
pertinent. He concluded that smallmouth showed little tendency for 
home range in an unstable area, but did so in stable places. Few 
fishes in Aravaipa Creek could thus be expected to demonstrate the 
phenomenon, since cues such as pools required for homing are simply 
not present. Funk (1957) postulated a Sedentary and mobile component 
within a species for stream fishes in Missouri, suggesting the sedentary 
group to be composed of intermediate-sized individuals, Regression of 
distance moved on total length in fishes from Aravaipa Creek failed to 
demonstrate a significant relationship (Fig. 14), and a sedentary 
group could not be identified with respect to size. 

Of those few individuals included in a ‘'stay-at-home'' category in 
Aravaipa Creek (Fig. 6), 56% in the upper reach and 77% downstream 
showed no movement at all, being recaptured where tagged. This lack 
of even small movements may not be attributed to sampling bias 
favoring larger movements since entire reaches were sampled on a given 
date. Data from the most permanent pools provided evidence for the 
existance of at least some home ranges in the system. Mean time of 
residency of fishes in one stable pool against a cliff was 146.6 + 
117.7 days (n = 10). Several individuals Stayed longer than 6 months; 
one remained 372 days. Mean time of residency in pools not maintained 
by scour against canyon walls was only 89.4 + 40.3 days (n = 10). The 
longest occupation by any fish in one of the latter pools was 185 


days. All other fishes remained less than 100 days, 
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FIGURE 14, Summary information for regression analysis of distance moved 
(m X 100) and total length of fishes in Aravalpa Creek, Arizona, 1978-79. 
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